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Resignation of Colonel James L. Walsh 


T will be a matter of interest as well as a source Not eontent with merely pereeiving the need, he 


turned his thoughts and energies to devise a means 





ee en 


of keen regret to the members of the Army Ord- 
nanee Association to learn that at a meeting of the 
Board of Directors held on June 16, 1922, Colonel 
James L. Walsh tendered his resignation as Secretary 
of the Association and Editor of ArMy ORDNANCE. 
In accordance with War Department policy, Colonel 
Walsh was due to be relieved from duty in Washing- 
ton, D. C., 


date, and as it was deem- 


at an early 





ed essential that the 
Secretary of the Associa- 
tion and Editor of the 
Journal be an Ordnance 
Officer on duty in Wash- 
ington, these ecireum- 
stances impelled Colonel 
Walsh to submit his res- 
ignation, which was ac- 
cepted by the Board 
with expressions of sin- 
cere regret. 

At the close of the 
war, millions of Ameri- 
cans had the need for 
strictly military pre- 
paredness strongly im- 
pressed upon their con- 
sciousness, but only a 
few who had_ handled 
the major phases of the 
stupendous problem of 
manufacturing arms and 
munitions for the mobi- 
lized man-power realized that preparedness confined 
to problems of man-power alone would be futile—that 
the crux of the whole matter of preparing the nation 
to maintain its sovereignty rested in taking prompt 
and active measures to insure that industry would be 
mobilized to supply those material things without 
which our man-power would be but food for cannon 
of the enemy. 

Among those who sensed the vital importance of 
adequate industrial preparedness was Colonel Walsh, 
then Executive Assistant to the Chief of Ordnance, 
who realized, too, that the solution of this grave prob- 
lem could never be attempted successfully within the 
Army solely, but must engage the assistance of Ameri- 
can. Science, Engineering and Industry at large and 
maintain interest in ordnance manufacture on the part 
of those who had rallied to the nation’s call in the try- 
ing hours of need in 1917-1918. 





Colonel Walsh 


to accomplish something practical toward correcting 


the situation. In order to coordinate the activities of 
those who saw the problem in the same light as him- 


self, as well as to secure additional help from those 


whose sense of duty would lend itself to practical 
peace-time patriotism, he lent himself most earnestly 
and energetically to or- 
ganizing the Army Ord- 
nanee Association. From 
the very beginning, the 
Association has been pri- 
marily one of civilians, 
recruited either from 
those who served in the 
Ordnance Department 
during the war or who 
manufactured ordnance 
for the Department in 
their own plants, the 
total membership being 
ten times the numerical 
commissioned strength of 
the Regular Army Ord- 
nance Department. In 
view of the preponder- 
ant proportion of eivil- 
ian membership, and at 
the suggestion of Colo- 
nel Walsh, the Constitu- 
tion and By-Laws of the 


= = Association were drawn 








so aS to perpetuate con- 
trol of its activities in the hands of those who 
constitute the majority of its membership. As 
early as 1919, the By-Laws of the Association 
provided for the organization of the Association 
into Districts territorially similar to the Ordnance 
Districts which have just been established by War 
Department order, thereby having ready for immedi- 
ate use a volunteer auxiliary body capable of render- 
ing tremendous assistance to the small governmental 
organization which available appropriations now per- 
mit. Colonel Walsh’s far-seeing grasp of the situa- 
tion has therefore been of inestimable assistance in 
providing a going concern without which the suc- 
cessful operation of the present District system of 
industrial mobilization would prove difficult if not 
altogether impossible. 
In order to maintain interest on the part of old 
members and to secure new members, Colonel Walsh 
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suggested and helped to carry through to suecessful 
accomplishment three annual meetings at the Aber- 
deen Proving Ground, which have brought inealeu- 
lable benefit to the Department—and 
thereby to the country—in the reawakened interest 


Ordnance 


and resulting cooperation on the part of manufac- 
turers who attended these demonstrations of post-war 


developments in Ord- 





ORDNANCE 


which would have blasted 


f difficulties 


ordinary business enterprise at 


spite « any 
its very inception, 
ARMY ORDNANCE became better and better with each 
succeeding number until to-day its first two volumes 
stand as a monument to the man to whom the Asso- 
ciation owes, not only its enviable position in the 
world generally but, in fact, its very existence. 
For his services in 


the World War, Colo- 





nance. Probably _ his 
greatest accomplish- Se ean 
ment was, however, the President 
7 William W. Coleman, 
establishment and suc- Vice-President 
> . > Ralph Crews, 
cessful operation of TY i 
ARMY ORDNANCE, rec- eee 
ognized to-day as the R. H. Somers, 


Secretar 


leading journal on ord- 
nanee subjects both in 


the United States and 
abroad. Probably no 
one who has not fol- 


lowed closely the in- 
ception and initial ef- 
forts of this undertak- 


Armp Ordnance Association 
Room 410, Munsey Building 
Washington, D. C. 


OFFICE OF THE SECRETARY 


RESOLUTION OF BOARD OF DIRECTORS 
ARMY ORDNANCE ASSOCIATION 


MINUTES OF MEETING 


N accepting the resignation of Colonel Walsh, the Board of 
Directors gesires to enter upon the Minutes its feeling of he 
sincere regret for the necessity of this action and its full ap- 


nel Walsh was award- 
the 
Service 


DIRECTORS 
Guy E. Tripp ed 
Samuel McRoberts 
Waldo C. Bryant 
Robert P. Lamont 
Frank A. Scott 
C. L. Harrisor 


Distinguished 
Medal, the 
citation of award read- 
ing as follows: 

June 16, 1922 
‘* For exceptionally meri 


torious and distinguished 


services in a position of 


great responsibility, first 
as Chief of the 
Office of the 


which 


Personne! 
Division, 
Chief of Ordnance, 
organized and adminis- 


tered with conspicuous suc 


; li ith preciation that the present success of the Army Ordnance cess during the first nine 
o vet 7a > 4 J ‘ = 

ing tha alizes the dl Association and of ARMY ORDNANCE has been due almost months of the war, a criti 

culties encountered and entirely to his enthusiasm and untiring efforts in the interests eal period, during which 


overcome. To _ begin of the Associaticn. 
with, the enterprise Official 
was inaugurated just a 


prior to what proved 





all Ordnance activities de 
BENEDICT CROWELL, pended upon the suecessful 
President handling of the personnel 
problem; and later as per 


sonal and executive assist- 








to be the worst indus- 
trial depression experi- 
ienced by the United States in a decade. Patriotism 
was at a discount, members were hard to get and still 
harder to hold, advertising income, upon which maga- 
zines must depend very largely for existence, was 
more and more difficult to build up as business con- 
ditions grew worse, but through it all Colonel Walsh 
never wavered in his determination to put through 


His 


earnestness and sincerity, and the high patriotic plane 


the enterprise at whatever cost to himself. 


upon which he placed all of the Association’s efforts 
finally gained recognition and appreciation, and in 


ant to the Chief of Ord- 
nanee, in whieh capacity 
his breadth of vision, tact, sound judgment and loyalty were 
invaluable to the Government in the numerous highly confiden- 
tial matters entrusted to his care. In each of these positions 


his services to the Government were highly conspicuous and 


eminent. ’’ 
Colonel Walsh has been succeeded as Secretary of 
the Association Editor of ARMY ORDNANCE by 


Major R. H. Somers, who assumed his duties immedi- 


and 


ately after his election at the meeting of the Board 
of Directors on June 16, 1922. The general editorial 


policy will be unchanged. 




















The Ordnance Problem 


By 


C. C. WILLIAMS 


Chief of Ordnance, L 


S. Army 


Member A. O. A, 


1. Growth of Munitions Consumption 

HILE it is a matter of general knowledge today 
that munitions play an increasingly important part 
in modern warfare, it is helpful in obtaining a 
proper perspective of the Ordnance Problem, to draw a 
few comparisons between the munitions requirements of a 

present day army and those of the armies of the past. 
Figures 1 to 4, inclusive, are very illuminating in this 
connection.* They give, respectively, the 


(1) Expenditure of artillery ammunition in modern 


battles. 

(2) Rate of artillery fire per gun per day in recent 
wars. 

(3) Expenditure of artillery ammunition in recent 
wars. 


(4) Comparative costs of equipping and maintaining 
Civil War and World War units. 


These figures show clearly that the consumption of muni- 
tions in warfare has grown at a tremendous rate and in- 
dicate that this growth will continue in the wars to come. 
In a major war of long duration the consumption will only 
be I'mited by the power of the country to produce, and 
this in turn will be dependent upon the raw material re- 
sourees and the industrial development of the country. 

An illuminating comparison is also furnished between the 
initial cost of the ordnance equipment for the Army of 
General Rosecrans during the Civil War (which had a 
tetal strength of about 22,000 men), and the cost of the 
ordnance equipment for a division, plus its percentage of 
supporting Corps, Army and G. H. Q. troops during the 
recent war (which represented a total strength of about 
40,000 men). The figures are, respectively, $645,000 and 
$6,575,000, or, in terms of cost of equipment per man, 
$29.30 and $164.37. In other words, developments in me- 
chanical, chemical and electrical engineering, as applied to 
war, are such that the material factor in comparison with 
the personnel has increased over 500 per cent during the 
last sixty years. This is, of course, merely the military 
aspect of the industrial revolut‘on which has been in process 
more than a hundred years. There is not the slightest indi- 
eation that this tendeney will not continue indefinitely. 

It will be admitted that the time has arrived when the 
country’s military strength is direetly applied against the 
enemy almost entirely through the medium of chemical 
ammunition placed in the enemy’s area by means of gun, 
aireraft, or other form of transportation. 


2. The Mission of the Ordnance Department 
It follows, therefore, that the real mission of the Ord- 
nance Department is, in general terms, to endeavor to make 
arrangements for an adequate supply of the most effective 
munitions the country’s resources and engineering ability 
are able to produce. This supply should, at the minimum. 
be equal in quality and quantity to those available to our 


enemy. é 
*Figures 1, 2, and 3 are taken from “How America Went to 
War,” by Crowell and Wilson. - 





3. General Solution 

The solution does not rest entirely with the Ordnance De- 
partment, but is the combined task of Congress, the War 
Department, the Users of Munitions or the Line of the 
Army, and the Makers of Munitions or the Ordnance De- 
partment with the assistance of the mobilized industry of 
the nation. 

Congress is the bas‘e authority and the real source of 
power, inasmuch as no funds are available except in ac- 
cordance with its laws and appropriations. 

The office of the Secretary of War and his representa- 
tives pass upon the estimates submittted to Congress and 
eontrol expenditures authorized by Congress. His office 
controls also, subject to legislative limitations, the quan- 
tity of munitions required. 

It is the task of the Users of Munitions to outline the 
character of munitions desired and to make recommenda- 
tion on the satisfactoriness of the designs developed by the 
Ordnance Department. 

The Ordnanee solution is dependent upon a well de- 
veloped organization, a rounded out personnel system, a 
comprehensive arsenal system, a well worked-out system for 
the production of munitions by commercial plants, a com- 
prehensive system fo'r storage and ‘ssue of ordnance, and 
especially a more clearly defined munitions policy which 
is satisfactory to the higher military authorities in the 
Executive Department of the Government and has the 
continuing support of Congress. 


4. The Organization of the Ordnance Department 


The chart on page 9 indicates the present organ‘za- 
tion of the Ordnance Department.” It is the result of 


many years of evolution and is, of course, gradually chang- 
ing to keep pace with new requirements and new limita- 
tions. Its present form is, in large part, a direct result 
of World War experience. 

The basie principles of the organization are as follows: 
The work of the department is divided into the following 
main sub-divis‘ons: Design, Manufacture, Issue. General 
design control is centered in the Technical Staff. The 
Manufacturing Service has charge of the design, manu- 
facture and procurement of ordnance. The Field 
has complete charge of the storage, issue, and maintenance 
of ordnance after it has ‘been produced by the Manufac- 
turing Service. 

Finance control is centered in the Fiseal Office. 
control of administration, 


Service 


Arrange- 


ments also exist for routine, 


salvage, ete. 
(1) Technical Staff. 

The Technical Staff is the official point of contact of the 
Ordnance Departm€nt with the users of munitions or the 
Line of the Army in the matter of designs of ordnance. 
Its function is to establish policies for the development of 
different classes of material which are in harmony with 

*This organization has been slightly modified recently, due to lack 
of personnel It is, however, the organization which is considered 


best and which would immediately be put into effect in the event of 
an emergency. 
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the needs of the using services and to insure that those Officer. Issues are made by the proper arsenal storage 
lines of development are followed by the Manufacturing depot upon requisitions approved by Corps Area Head- 
Service in the actual work of development, study, and de- quarters, all in accordance with the tables of basie allow- 
sign. A number of officers representative of each ecom- anees approved by the War Department. Repa‘rs and 
batant branch of the Army: The Infantry, Cavalry, Field alterations are conducted by the Ordnance Maintenance 
Artillery, Air Service, Chemical Warfare Service, ete., sit Companies which are part of divisions, by special mechanics 


with the Ordnance Officers as a committee on which also 
there sits a duly aceredited representative of the Navy 
Bureau of Ordnance. This comm‘ttée passes upon all ques- 
tions as to lines of development, priorities in development 
work, approval of studies, judgment of tests of types, ete. 
This results in a very close co-operation between the sev- 
eral branches of the military establishment, and, it will be 
noted, has the additional advantage of having the Navy 
point of view on every question brought up. After a de- 
sign has been satisfactorily developed under such control, 
it is submitted by the Chief of Ordnance to the General 
Staff for final approval. . 


(2) The Manufacturing Service. 


The Manufacturing Service, under the general contro] of 
the Technical Staff outlined above, carries on the develop- 
ment and design work of the Department. It has full 
charge of the manufacture and procurement of ordnanee, 
eovering the complete field of raw and intermediate mate- 
rials and their fabrication into issue articles of ordnanee. 
It controls the manufacturing arsenals of the Department 
and is responsible for keeping in touch with the resourees 
and commercial plants of the country with the object of not 
only ascertaining the dependence that can be placed upon 
them in time of war, but also of assisting in the inerease 
of this dependence. 


(3) The Field Service. 


The Ordnance Field Service, established by War Depart- 
ment Orders in 1919, is responsible for storing the reserves 
of the issue articles produced by the Manufacturing Serv- 
ice, and especially for supplying the army with munitions 
and for keeping such supplies in a condition satisfaetory 
to the users. The reserves are kept in various arsenals and 
storage depots under charge of the Washington office. 
Issues to troops and maintenance of munitions in the 
hands of troops are controlled by Corps Area Commanders, 


- War Plans of the 


attached to Corps Headquarters or to Posts, or by Depots 
or Arsenals. 

This close touch with the actual users of 
been, and it is hoped will continue to be, of great help to 
the Ordnance Department in its efforts to give the Line 


the types of fighting materials desired by it. 


Ordnanee has 


5. Personnel System 

The personnel of the Ordnance Department is comprised 
of three classes: officers, civilians, and soldiers. 

The officers are in reality the general managers of the 
Department and control the establishment of the ordnance 
problem, the plans for its solution, and the execution of 
the plans, ineluding design, development, and procure- 
ment of munitions and their issue and maintenance. 

The civilians are the backbone of the Ordnance Depart- 
ment in the matter of design, development, and procure- 
ment of munitions. 

The soldiers are the field force of the Department tor 
issuing munitions to troops and for maintaining such mun:- 
tions in a condition satisfactory to the users. 


(1) Training. 


To have an efficient personnel, each class must be trained 


to properly perform its function. 

(a) Officers. 
technically in 
chemistry, 


The officer must be thoroughly educated 
order to insure that the latest developments in 
and engineering are applied to munitions ‘de 
He should be tra*ned to administer 
operating manufacturing 


and economical manner. 


metallurgy, 
signs and procurement. 
the tasks of constructing and 

plants and depots in an efficient 
He must be well aequainted with the needs and troubles ot 
the aetual munitions. He must understand the 
Government in the matter of munitions, 
be aequainted with the steps proposed to meet them, and 


users of 








each of whom has on his staff a Corns Area Ordnanee be prepared to execute efficiently the agreed upon solution. 
The training system covers 

| the above as follows: The 
FIGURE 1 basic school of the depart- 
Expenditure of Artillery Ammunition in Modern Battles ment has been established at 

Watertown Arsenal, Water- 

iho ~~ ~ ae town, Mass. The course is 
Year Battle duration irmy Rounds of artillery ammunition expended two years. One year is spent 
ia pore a Mie pee —- ” at the Massachusetts Institute 

| 1863 Gettysburg 3 Union ® 32,781 of Technology at which the 
| oo — a Ne : ee ; ae following subjects are taught: 
_— ise Feng : pumion 136.400, Advanced Mathematics, The- 
| 1915 Neuve Chapelle 13 British @® 197,000 ory of Elasticity, Chemistry 
| i916 — 27 — ee 4.000.000 (specializing ‘n powders and 
18 SeMinel 34 United States 1008-217 ave ee eee ee 
Power, and Ordnance Engi- 





1 Artillery preparation lasted 35 minutes. 


precede infantry action in battle. 


features of the several battles should be kept in mind. 


__ The expenditures, therefore, are roughly comparable. 
The high mark of the 


| 

| 
position. 
before the effective use of tanks was developed. 








} tain ? Artillery preparation lasted 4 hours. 
3 Artillery preparation intermittent 7 days. 


One of the most striking developments of thérecent war was the great increase in the use of artillery to 
This is illustrated by a comparison of the expenditure of artillery ammu- 
nition in characteristic battles of past wars with that in important battles of the war just ended. The special 
Chickamauga was fought in a heavily wooded region; 
Gettysburg and St. Privat over open farm land. The latter battles, together with Nan Shan, and all the 
battles of the World War considered above, involved artillery preparation for assault upon armies in defensive 


use of artillery in offensive battle was reached at the Somme and Messines Ridge, 


neering. The second year is 


spent at Watertown Arsenal, 
largely in practical shop 
work. To give officers spe- 
cialized tra‘ning to fit them 


for particular phases of ord- 
nance work, various post 
graduate and special courses 
_____ are provided and each manu- 
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facturing establishment is a 
training school for its officers. 
For example: Picatinny Arse- 
nal 
and ammunition. 


Arsenal duty is relied upon 


al specializes in chemistry os 


War 





1854-56, Crimean 


to train officers in the busi- 1859, Italian 
sa : : 1861-65, Civil 
ness administration of con- 


. . 1866, Austro-Prussian 
struction and operat‘on. 


Service with troops’as Divi- 
sion Ordnanee Officers, 
or duty at Corps Area Head- 


1870-71, Franco-Prussian 
1904-05, Russo-Japanese 
1912-13, Balkan 

World War 
September, 1914 


etc., 


: , Jan. 1-Oct. 1, 1918 

quarters is expected to give Jan. 1—Nov. 11, 1918 

. : Jan. 1-Nov. 11, 1918 
Ordnanee Officers a proper Jan. 1-Nov. 11, 1918 
conception of the munitions — — — 
needs and troubles of the Line ' Siege of Sebastopol. 
of the Army. The rates are based upon total 

the pe riod of the wars 


The Ordnance Department wa 
A large part the heavy exper 
wars can be attril 








hopes to submit each year a 





: and by the id-fire gun ow ' a | eee tht hefore the introdu n fran cold 
- ° ate : and by the rapid-fire guns now in use. In wars fo it before the introduction of quick-firing field guns, 
rather detailed solutton of four or five rounds a day was the greatest average rate. Even this was reached only in the siege of Sebastopol, 
whatever war lan the War where armies were stationary and supply by water was easy, and in the American Civil War, which was 
The guns of the Allied armies in France fired throughout 


Department may approve. In the year 1918 at 


the working out of such solu- 





Rates of Artillery Fire per Gun per Day in Recent Wars 





ted to the increased rate of 


characterized by advanced tactical developments. 
a rate about seven times greater than 


FIGURE 2 
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ible by improved methods of supply in the field 


these previous high rates. 








tion, many officers of the De- 
partment will be required to assist. It is hoped that this 
plan will keep alive to some extent the knowledge of not 
only what the war munitions problem is, but also of some 
method of solving ‘t. In addition to this, it is planned to 
have the officers serve a proper portion of their time ‘n 
Washington when they will come in more intimate contact 
with the probable war plans of the Army. 


(b) Civilians. 


The W 


ashington office and the work at arsenals and de- 


pots are the training svstem for the civilians. In time 
of peace they are not generally moved from one class of 
work to another or from one locality to another. Their 


training, therefore, is a natural result of the work on which 
they are engaged. This condition is of great importance 
to the Department for it is through the civilian foree that 
the continuity of knowledge and experience, which is so 
necessary to any endeavor, lives. Without a well-trained 
civilian foree, the Ordnanee Department would be greatly 
handieapped. In other words, 


< 


ness world where the activities closely parallel those of the 
Ordnance Department. 

It is also planned to keep them in touch with Ordnance 
activities by correspondence school methods, by calling 
them into active service at summer encampments, or by duty 
at an arsenal or ordnance establishment if possible. 

It is also planned to institute at every ordnance estab- 
lishment, immediately upon the start of war, schools for the 


training of newly commissioned officers, candidates for 
commission, and eivilians 
Civilians are recruited in accordance with the business 


principle of supply and demand under Civil Service Con- 
trol. 

Soldiers are reecru‘ted in accordance with War Depart- 
ment practice. 


6. Arsenal System 
The work of the Ordnance Department, for purposes of 
development and manufacture, has been divided into sev- 




















we must maintain a reason- = - = 
able amount of work at our FIGURE 3 | 
arsenals and depots at all Expenditure of Artillery Ammunition in Recent Wars 
times to keep together the Past Wars Compared with One Month of World War 
nucleus of this force. lita : = hi 
; Year War irmy Rounds expended during war 
(c) Soldiers 7 : 
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COMPARISON OF ARTILLERY AmmuNITION VALUES 
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Fig. 4. 
eral main classes covering similar or interlocking activities, 
and one or more classes have been assigned to each arsenal. 
These main classes and ther assignments are: Small arms, 
arms ammunition, Frankford 
Arsenal; mobile artillery ecar- 
riages, Rock Island Arsenal; heavy artillery carriages, 
Watertown Arsenal; fire control apparatus, Frankford 
Arsenal; artillery ammunition, Picatinny and Frankford 
Arsenals; tanks and tractors, Rock Island Arsenal; proof, 
Aberdeen Proving Ground, Rock Island Arsenal, Frank- 
ford Arsenal, Picatinny Arsenal, and Springfield Armory. 

These arsenals are an extremely important part of our 
preparedness program, for it is through them mainly that 
the art of munitions design and manufacture is perpetuated. 
They are to war munitions production what the Regular 


Springfield Armory; small 
Arsenal: cannon, Watervliet 


Army is to war manpower. 


7. Storage and Issue System 
The policy of the Ordnance Department in the matter 
of storage is as follows: 
Stocks of munitions are divided into two main elasses— 
(1) Ammunition and components, including powder, 
high explosives, nitrate, ete. 
(2). General supplies, including guns, tanks, tractors, 
small arms, machine guns, ete. 


* Ammunition reserves must be loeated with reference to 


probable areas of active operation, since ammunition is 


consumed primarily where troops fight. Reserves of gen- 
eral supplies, on the other hand, must be loeated with 
reference to probable mobilization points, since these sup- 


plies are needed where troops are mobilized and equipped. 
Furthermore, the maintenance of ammunition after issue 
to troops is negligible, whereas the maintenance of guns, 
tractors, tanks, ete., in the hands of troops presents about 
the same problem as confronts the automobile manufac- 
turer and is solved in the same way; i. e., through “serv- 
ice stations” and service organizations. The policy with 
regard to each of these two elasses of Ordnance material 
will be indicated separately. 


(1) Ammunition and components: 


The approved policy for the storage of this material eon- 
templates the distribution of reserve ammun‘tion and eom- 
ponents, at strategie poiyts. 

This policy is based on the following: 

(a) Maximum utilization of permanent storage facilities 
constructed during the War, consistent with safety regula- 
tions and having due regard to exposure to hostile opera- 
tions. 








the event of war to ab- 
fluetuations in 
ammuni- 


sorb 
the flow of 
tion from the East. 

(c) Location of balance (main reserve), except high ex- 
plosives, at central points in the interior of the country with 
excellent rail facilities from wh‘ch, in time of war, distribu- 
tion in any direction can be made. Al! loaded ammunition 
and components for the main reserve are to be stored at 
Savanna Proving Ground, only inert components being 
stored at Columbus and New Cumberland General Reserve 
Depots. 

(d) Loeation of main reserve of bulk high explosives at 
Fort Wingate in a very sparsely settled territory having an 
exceptionally favorable climate for the purpose. 

(2) General supplies: 

The approved policy for the storage of general supplies 
contemplates the distribution of reserve supplies as follows: 

Artillery matériel with all pertaining equipment, except 
fire contro] instruments, at Rock Island Arsenal, Erie Ord- 
nanee Reserve Depot, and the Aberdeen Proving Ground. 

All artillery fire control optical instruments at Frankford 
Arsenal. 

37-mm. guns, trench mortars, machine guns, and small 
arms at Rock Island Arsenal, Springfield Armory, and Rari- 
tan Arsenal. 

All tanks at Rock Island Arsenal. 

The controlling factors considered in choosing the stor- 
age points for the reserve supplies were adequate sho} 
facilities and location which would allow prompt distribu- 
tion in case of an emergeney. All establishments storing 
reserve material have shop faeilities for proper overhaul, 
alteration, and maintenance of mater‘al in storage, which is 
of great advantage from the standpoint of economy. 


8. Munitions Policy 


As already stated, the most important for sound 


munitions preparedness is the development of 
the Executive Department of the 


step 
a munitions 
poliev by Government 
which has the continuing support of Congress. 

As pointed out, it is the duty of the Ordnance Depart- 
ment to strive to be prepared to supply the Army with 
munitions of satisfactory quality and quantity. To aceom- 
plish this objective requires: first, a quality program which 
will keep us abreast of the times and apply to our munitions 
designs the reasonably latest developments in chemiéstry, 
metallurgy, and engineering; and second, a quantity pro- 
gram which requires that we keep on hand and in serviceable 
condition sufficient stocks to supply our probable armies 
until new produetion is adequate to meet demand. 


(1) Quality Policy. 


program has always been part of the un- 


The quality 





M 


DNANCE PROBLE 


OR 


, 
4 


THE 






































L0H) DSONP9 A OGIO 
LAdRO O80 WIP LLIN 
TWNISSW MAMALA TIAL 
LASTI FWWVOLS ODI TOL 
LQAPD G#O NIP vides 
GO G80 NI9 STWld NTA. 
LOA9D OO NFO LN 0d Ded 


























L0AdS7) O80 VRS 
Ld 70 O80 0M YN 








TWNISH NITIO 



































































































































yUswpedsg PIUBUPIO 3u3 KK 


o1j3eziu 


BZIO ‘Ss “Se 


LW MD STLE: 
NV Td SILLMON Hass 











ID. Aes 3 IMSL IVAN FHL IO SLNTMHS/TAVLS 7* FINVNGSO 





































































































































































































LWALNO? “TINNOS HFA NVI TAI) AO 
ANWAFSN 08d ONO) TIN! NOLL 
MOIS TAILVSILSIMAOV FHS IN IP 


























NOISTAIO NOLLWHLS 


W/MOv 

















7 





7, Y2LVA FTINVNITHO 40 A Teche 2S 
FINONTLNIVA MOWLIIASM "NOLL WIQ0M A 
NITY w 7, ‘hed WHSID Ys FIGISNOSS 74 


ANVLSISSUY FAILNIIIT 


INY 








INVNIYO WO ITH) LNVLSISSY 
INVNGYO S0 4F1H2 

















WO/LYD 
YILVW SO Sh 


YIANFT NI 











| 





JIS 0 491) | 





| 





YM 10 A4VLIVIIS | 








LSTAN! HISVTSTS 771 


SIL INV SLNIM 


SIT SISIAXT. 











Oah) O80 NID GkdIN WM fk STWNISSV ONIMALIVAONVA + 
4 M™ LA — tet ———E 
: IVI9O DMIF INTON. 
L0d70 OH NIT AVIROW JUMISSY OINOLNY NUS x | WATS MMOLY TLV aemaece 
AAO O80 NPP WALT TOO: £OA7) BO M79 RMIT. TWNISHV NOLS 0S _ “ oO WAY LW TASTL UM DALI INS TINIINI 
YL, WWNISLY 7 TH S ISS WIGS ANNO oS LI i LW 
ZAnAN9 IN/AD/ VUNVAYS LOIS TE NET AO SU WNISYV VIIINIG - - “ts ~ non — is —_— 
AT OHO NII MOIST TI . . 4. a Dia ee. Taw . oie | 7910 IN/STINWI Wide? INiAdis \ 
QNVOQID WAC HH WAISWW TOLVAV WNISYY VASNOIWV MINVSG NALA VE TYNTSUV TYOLINYSS | pewais o9v21N2 F 9 WATE ONYTSY 40S L V/SOFd | NII0aIGY _\ 
‘ eial LAME MAS eels TWH = = = 
ZON 
LNG Td M, Nn 
f 70, 
[LM Td NTIONLIN| 
NOLLYS 1NIW ML 
AILSM ONY SAONS 
WAL ITE NSIT ILS 7 
nom nh a ied 
NOULDGDS ASIII wr A —_— LIAS PIL SAL 
LSWOWTS ON AVM TV NOLLITS: ZIWV TUIASIS 5 [WOWLDIS WIOQMIN | La Para 7 THD 
MOULAS TIMWOSY ad = MOL IIS - S ONV AVM VS 
AML TM ONY NVI TALD NOLIIS WOLLIFASH/ WO TIS THAGIS | SOINVITZIS/A | NOL Das 9MIWOT a TH poviaaD = 
NOLMLDTS NAD FN/ NOMLITS NOWLW HAO MOWLITS: NOLL IRISN. —— NOM ITS TF71S8 WOLLIFS INSO Tak? | NAD FV/9OW NOHLIIS 77/08 | 
WWM ONY SHY ITVS 7 MOLLIIS B og (pene apene one l 
NMOILDIS NOLLIISLSID NOMIIS WAVE IA “ S OW |WOLLIIS ND IW/HWH | WITS WOLIIS TOL NOI TY/ NULIFS SOL WL 
NOLLITS FALLOWOL/Y + - "WOlLDIS WOWNID ——_—_—_——_——_j LNINOSMOD TL Tid — 
OLLI MOUL ITS FHAYTS NOUIIS MONG SUSIO| ONY M2 TN/MW IWOLLI2S MOLLINIMAY Ye Pu Os NOLLITS NONNVI NOLIFS HNL 
0 FIMWWTUIAMS| SLNIN VHYIILVA AFIOELIM JO NOLLUS) THYLLIM 
LAPIN] SAO SO ~OdW0) S1/ ONY NOLL NINN LIV? THM TLVA SHY THIS ILV NOLLIN 7H/SULVA AXP TTL OW #0 
SCWIN FALL M/ ON RYOLS WA NMOLMORNG LATIN (NORAY T7690 FING! YI SLIFTISN/ 7IWAS SLIFdSW/ OMY CL DRIN: 7TLYV SLIISASM/ BL WL WN, LITA DY 
THTLIA TIMMS SNL THEIL TINUMOSO TH - 7 UIASIS SNIVL NIV ONV SI JOOS OMW STII 0d CNW STID000&S ONW ‘SIO QV SP 0b 
MV HIS CL DISA SPOSS) ON SRVOLS OMW SHISS) SFIVOLS CRW IOS SWHSTO SRY I0&S SWS ASIO| is FHODOS WSFA | STM IOS WHSII s PMO 708A SWHSIT 
NMOSIAID NOYSTAIQ MOISTAID 89 T/V4LL 
MOISTAID FINNT LM WOWSTAND A Teh 1S WHINFS, ATAdlS MOLLINOMAY (NIMOUYY LVS OS WY SIAIT SEV 7 TONS) WOSIA/T NO/L MOA) WO/SIAID AST TTL ONV Wal Wali dwt 
— J eats | a } 
A kkdl1S LNA 
FAOBY FHL LAO9 LO Shad FO YTMLO WO 
QL IMINNES TA SYILLVA TWN ISI HOS MYON IMSIIFS 
FHASIS S004. FINVNIHO 10 M SHIINTIV FOSLAI A Tk lS ONY 
OTIS fO TTL WOSIASSAIS ONY LNIMNISSY HL/M NOS/V/7 Ni ONV HEIO - SIWD 
SO7TAIOS INV TLUYLSF TVF8 SLNIMMS)TOVLST NOLL IID Bite! ZINUNGYO N/ SSTSIOYS CONV 
NOLLVLNOSSNVHL STILIVLN FHAYIS JIS SO DIWVINT SOTV] XIAO ONY SIMLSILIAS’ SLNINTSOTS) 
SO NOILVY AAO 7HETLVA JINUNISO WVOLLD IA SW" TINMOSY Af SLNIWHSTPAST FINVMISO  THETLVA TINWHOHO LNINIM) 08d 40 SPW) 
SLMW TS 10 FINUN IL NIM ‘ SO ATIAS ONY ‘FINWN/S NO/LVKAL IO NOM VAL SIMIWOY SLIIASM! OMe, $37.2 ad (4 DWV CLIWO8A SHH Tid 
ONV NOLL WISLSNOD FINN ITLMIVY FIVHOLS SIN/MOY WOLYN/OHO-O2 YIAO NO/SIASTAIS a SNe L_2HaIn29 10 MOLINIOHO 2. 
THAIS G7IF/4 IWAYTIS INIYDLIVINNGA 
— —— 
NOMLJIS WOISTAID SWYV 770NS 
4LIWLNO) FINOMS ONY LNIMVASY LIVIIDS 4 
NOLIIS NOISIAIO FAILOM OLAV 
7INNOSHIAS NVIT/ALI INV AYITULYV 
NOMLIFS AOS/ADV NOILITS ININIVAL NOULII. NUILIIS NWOISIAIO SIAISOTIKT 
DNV LWYLNO) | VV IN/LINSIIY JALOIINI ONINNY Td SW ONY NO/LINNWAW 
NOMLIIS ALVIN F440 TWYINID WUISIAND ATYOTTVLIN ONY STIINIW 
” — — — ———_____— _ LNIMAIALSNI A FHL FINVNOK D Ss. Ss Fe 
SWOLLIND 4 A801 TE 1 a sae. Oy ot 
SOOINVTIZISIW CH0I9Y ONY l I WIOTL 0 FAMLVANIS 
WHA ‘NOLLYN/THO-O2 INV SAS O/ 





_ FvITY STISIAQV DNV 
| SALVYIG/TIO SUHATY 














2TLLIWWO) FINUNOY 














10 ARMY ORDNANCE 


written Military Policy of the United States, for the Ord- 
nance Department has gone to Congress year after year for 
money for this purpose and has always received at least 
a part of its estimate. The great portion of our 1923 
estimates are for development work, especially to put into 
designs the World War experience. 


(2) Quantity policy. 

Insofar as is known, the country has never had until re- 
cently a comprehensive military policy in the matter of 
quantity of army munitions that should be comprised in a 
reserve and that should be kept in serviceable condition for 
use, except, perhaps, in the ease of munitions for coast de- 
fense purposes. 

Practically every military authority now seems to be 
agreed that, with equal starts, new®manpower can be sup- 
plied to the fighting front some twelve months ahead of new 
munitions. We know that, in the last war, the flow of 
American made munitions had hardly reached the front at 
armistice time or nineteen months after the start of war, 
and that our troops would have had practically no fighting 
material except that we were able to procure the same from 
the Allies. 

It is not believed that this serious lag on the part of 
munitiens was properly foreseen before the war or that it 
is generally appreciated even now. But it most certainly 
exists. And the inescapable conclusion, therefore, if we 
would have adequate preparedness, ‘s that we must main- 
tain sufficient reserve stocks of satisfactory munitions for 
our contemplated war army to supply it until our produc- 
tion is adequate. 


(a) Replacement Program. 

Fortunately as a result of the World War we have been 
left with large quantities of munitions—in most cases, and 
in so far as the major part of the units are concerned, ade- 
quate to meet our demands until new production is sufficient. 

But unfortunately these stocks, even with the best of care, 
will not last indefinitely. Smokeless powder has an esti- 
mated life of only some fifteen vears due to chemical de- 
terioration, and it is not believed that we are justified at the 
present time in assigning a life to any of the chemicals in 
ammunition, or to the loaded ammunition which conta‘ns 
them, in excess of fifteen years. Time may prove that the 
life is longer, and periodie tests are under way to establish 
the life. To keep our ammunition stocks in serviceable con- 
dition requires, therefore, a replacement program. 

But even though the stocks did have an indefinite life 
as is substantially true in the case of the metals which enter 
munitions, as for instance, in artillery guns and earriages, 
we would still be faced with the problem of supplying our 
armies with munitions of reasonably up-to-date designs. 
This country ean certainly afford, and in time of war would 
be insistent upon, guns of as recent design as those avail- 
able to our enemy. But if we do not keep our stocks reason- 
ably up-to-date in design, and equal in quality to those 
available to our probable enemy, and if we depend upon 
war production for the incorporation of new developments, 
we must accept the fact that the first twenty to thirty 
months of war—during which time it would probably be 
decided—would have to be fought with old style guns. In 
other words, a replacement program is necessary to keep 
reserve stocks of guns in a proper state of design. 

While it is not believed that serious question ean be 
raised against the principle of a replacement program. it 
is believed that there can be very serious question raised 
as to the extent of such a program. We are now planning 
on retaining stocks of munitions as our war reserve in ac 








cordance with the General Staff instructions of October 13, 

$21, to a value of some $1,000,000,000. Half of this, in 
value, is ammunition and half guns. Assuming even an 
average yearly replacement charge of 5 per cent on ammuni- 
tion and 24 per cent on guns, the total yearly replacement 
charge would be some $37,500,000, which is probably pro- 
hibitive. It is quite probable that the higher military 
authorities would not recommend that such a large reserve 
be replaced. Essential items might be selected for replace- 
ment in limited quantities. Furthermore, our present stocks 
are of reasonably recent manufacture and design and are 
at present quite equal to those available to any enemy. 
Improved designs are not vet available. It is not, therefore, 
in order to start a large replacement program at the pres- 
ent time. The necessity for inaugurating this replacement 
program in the future shall, however, be kept constantly 
in mind. 

The Limitations of Arms Conference, in the matter of a 
Navy, established a minimum naval munitions: reserve—or 
a certain number of fighting ships plus guns and ammuni- 
tion—established a time when replacements would begin— 
or at end of ten years, and established a life for such ships, 
after which life replacement was in order—or twenty years. 


(b) Commercial Manufacture. 


It is to be noted that one of our greatest assets in ex- 
pediting production in time of war is knowledge on the 
part of the arsenals and of, commercial companies in the 
art of doing the particular work desired. This is really 
of vital importance in the task of mobilizing industry. 
Fortunately a great portion of our munitions work ean be 
quite easily grasped by commercial companies. But other 
work which is essentially military cannot be readily under- 
taken. Examples are gun manufacture, fire control appa- 
ratus manufacture, smokeless powder manufacture, fuze 
manufacture, and assembly of ammunition. Pending the 
start of a replacement program, it is believed, therefore, 
that sufficient manufacture should be provided for not only 
to keep the arsenals going on the smallest seale that will 
keep alive the art, but also to insure some commercial activ- 
itv. This activity is to the Ordnance Department what the 
National Guard and Reserve Army are to manpower. 


9. Conclusion 

Such, in outline, is the Ordnance Problem. The measure 
of success in its solution we may achieve’in the future will 
be dependent upon many factors, only a part of which are 
directly controllable by the Ordnance Department. The 
Department can broaden its influence, however, by frankly 
presenting its case to the War Department and to Congress 
when asking for appropriations and by taking the Ameri- 
ean public into its confidence insofar as this may be con- 
sistent with the preservation of military secrets. 

It must also enlist the support of that part of American 
industry which will be direeted to the production of ‘muni- 
tions in the event of an emergency. The total output of all 
our arsenals, working to full capacity, is less than five per- 
cent of what our requirements would be if our maximum 
effort was ealled for. 

We must depend upon American industry to earry the 
war burden, and the active support and assistance of our 
industrial agencies in time of peace will be of the most in- 
valuable help in the event of war. 

Finally, it may be pointed out that there is one and only 
one criterion by which to measure our success—the service 
‘ve give the combatant branches. It is our duty to give 


them what they need, where they need st. when they need 


it, and in the amounts they need. 
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THER this 
present in detail the operat‘on of 
of the 
ingly this article will only deal with the general plan of 
the of the 
with a more detailed discussion of Reserve training. 


articles in number of 
compo- 
Educational plan; aceord- 


nents Ordnance 


training personne! permanent establishment, 


Education and Training of Ordnance Officers 
Prior to the entrance of this country into the World 
War preliminary steps had been taken toward the revision 
of the courses of instruction at the Ordnance School of 
Applhieation at the Sandy Hook Proving Ground and at 
the Ordnance School of Technology at the Watertown Arse- 
nal. It had become evident that the existing system of edu- 
cation and professional training, while it had accomplished 
most excellent results with a small number of officers, was 
in the need of systematizing and extension. It had 
been possible to give all officers coming into the Depart- 
ment the benefit of the Schools maintained and little oppor- 
tunity was afforded to secure the benefit of train‘ng in 
agencies outside of the Department itself. Moreover it was 
very exceptional for of other of the 
Army to come into intimate contact with the Ordnance De- 

partment and observe its operation from the inside. 
The proposed scheme of training, necessarily postponed 


not 


officers branches 


by the entrance of th's country into the war, had for its 
ultimate aims the following: 

a. Thorough edueation and training for Ordnanee 
Officer. 

b. An exchange of ideas, and a closer 
Line of the Army, other staff departments, the 
the civilian world. 

¢c. Opportunity for specialization on the part of those Ord- 
nanee Officers so desiring and possessing the necessary quali 
fications therefor. 

To secure these results it was proposed to make. use of the 


every 


cooperation with the 
Navy and 


following agencies: 
a. A school or eovering, in general, the 
ground as the schools at Sandy Hook and Watertown. 
b. The General and Special Service Schools, particularly— 


schools Snime 


Army War College Field Artillery Schoo! 
General Staff School Infantry School 
School of the Lins Engineer School 


Coast Artillery School 


and other Service Schools when conditions would 
permit. 
ce. Civilian technieal 
d. Commercial and 
manufacturing plants. 
The intended 


explained detail: 


Special 


and 
industrial organizations 


schools colleges. 


and private 


use to be made of these agencies will be 


in 


The Ordnanee Department Schools: While reeogniz'ng 
that many officers of the Department had not 
the benefit of these courses of instruction and realizing the 
advisabiliv of granting them the opportunity to avail them- 
this professional education at the earliest possible 
time, yet it that these should ulti- 
mately become an agency for training officers of the line. 


as vet had 


selv s of 


was intended schools 


Such a plan would serve two, very useful purposes: 


De 


r 


HAYES 


A.O.A 


would afford the best for 
for service in the Ordnance Department. 


It 


qualified 


a. means selecting officers best 


b. It would insure the presence at all times in the line of 
the Army of officers who are familiar with Ordnance mate 
riel, its design and manufacture, who would have numerous 
personal acquaintances in the Department and by reason 
thereof would constitute an agency for liaison between the 
Department and the remainder of the Army. 

Other Service Schools: These schools should be of the 


greatest value in bringing the Department in close touch 
with the Army. The object to be sought is not only the 
acquisition of the knowledge and ideas of other branches of 
of Ordnance 
ot 
contact 


transmission 
but, what 
points of 


the Army and conversely the 


is great 


im- 
with 


knowledge and ideas to others 
portance, the assurance of many 
resulting mutual understanding. 
Civilian Technical Schools: It was felt that the Depart- 
ment did not have the desired contact with the current de- 
velopment of the engineering and scientific world and that 
Ordnance Officers had not had the opportunity of specializ- 
ing in part‘eular phases of Ordnance work. It was realized 
that these educational institutions had a logical position 
in the Ordnance educational plan, affording means 
whereby officers of special talent could acquire the latest 
and most advanced knowledge ava'‘lable in their chosen 
specialties; it was also realized that only by a continuous, 
effective liaison could the staffs of 
stitutions come into contact with the Department and ac- 


a 


members of these in 
quire a knowledge of such problems with which they are 
fitted to cope and with which they logically must be con- 
cerned in any great emergency involving mobilization of 
the country. 

Commercial Organizations: In 
cipal developments in manufacturing methods and 
furthermore, 


time of peace the pr‘n 
pro- 
cesses are made by commercial organizations; 
it is these organizations which in time of war must 
counted on to produce the great bulk of the munitions re 
It is evident that the detailing of specially quali- 


be 


quired. 
fied officers to manufacturing plants and industrial organiza- 
tions will insure a transmission of valuable ideas to the De- 
partment, and in addition to the knowledge acquired by 
the officers, tending to better fit them for Ordnance work, 
will play no little part !n bringing these organizations in 
closer touch with the Ordnance Department and Ordnance 
problems. 

Post 
changes, this is the plan in effect today, which a very 


war: Such was the plan and with a few minor 


brief summary will disclose: 


a. The Ordnance School, under the direct supervision and 
control of the Chief of Ordnance provides the ageney fol 
the technical edueation of Ordnance Officers. It is prima 
ily a training sehool for Ordnance Officers rather than for 
Line officers as originally planned. The large increase in 
Ordnance activities and the necessity of a greatly enlarged 
Ordnancs commissioned personnel has necessitated th ae 


ceptance into the Department of a large number of officers 
who have not had the advantage of instruction at Ordnance 
Schools, Consequently every effort has been made to pro 
vide for the technical edueation of these officers as eat Ss 





as ‘— 


possible, the lack of funds thus limiting the number of line 
officers who can be selected. 

b. During the coming year the Ordnance Department will 
be represented by students at all the service schools enu 
merated, the courses of instruction varying from the basic 
military courses for those officers who demonstrate the need 
of military instruction to courses at the General Service 
Schools at Fort Leavenworth and the Army War College. 

c. During the coming school year postgraduate courses for 
Ordnance officers will be provided at the Massachusetts In- 
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A Necessary Adjunct to Training 


stitute of Technology and at the University of Chicago. The 
courses at the former will include Chemical Engineering, Au- 
tomotive Engineering, and Mechanical Engineering. At the 
latter a course in ballistics will be conducted by Professor 
IF’. R. Moulton whose studies in the science of exterior ballis- 
tics during the war resulted in such great advances in the 
understanding of this science. 

d, Student officers will be detailed at several of the large 
industria! plants this year. The advantages foreseen of this 
contact have been realized and as the number of graduates 
of the Ordnance School inereases, and resulting practical 
experience indicates the particular work for which each offi 
cer is fitted; the number of officers fitted and available for 
duty at the various plants will inerease. 


Education and Training of Ordnance Enlisted Personnel 
In order that the storage, supply and ma‘ntenance duties 

of the Ordnance Department may funetion efficiently in 
the field, it is essential that the enlisted personnel be highly 
trained as individuals and that the organizations to wh'*ch 
they belong be so trained as a unit that they may be able 
to take the field and perform successfully the duties for 
which the organization is designated. To insure this re- 
sult four separate training phases are necessary: 

a. Basie military training, 

b. General edueation and voeational training, 

c. Specialist training, 

d. Organization training. 

Military training for the Ordnance soldier is an essential 
part of his edueation. It is not necessary that he receive 
the intensive training under arms that the line soldier re- 
ceives nor is it desirable that too much emphasis be paid to 
the drill at the expense of trades train'ng, vet he must first 
of #ll be a soldier with proper discipline and a thorough 
understanding of his military duties, responsibil‘ties and 
privileges. The first step to attain this understanding 
is the intens've training which a recruit receives at his 
first military station. In time of peace this must be given 
in the organization to which he is assigned, for the abolli- 
tion of recruit depots and training centers and the present 
plan of loealized recruiting for organizat‘ons introduces 
the soldier to his organization without prior elementary 


military instruction. It thus makes the organization itself 


the training place for reeruits and places upon the com- 
manding officer‘the responsibility for elementary military 





as well as organizational training. In time of war these 
conditions must change and the duties of commanding offi- 
cers will consist largely of welding together partially 
trained men into an efficient organization. At th‘s time 
the duties of the Ordnance Specialists School and such 
other training schools as may be established will include 
elementary military as well as trades training. 

Post Schools are maintained for the education and voea- 
tional training of enlisted men. As far as general eduea- 
tion is concerned, courses are divided into two elasses: 


a. Primary education of illiterate and non-English speak 
ing recruits, 

b. More advanced work in general education for those en- 
listed men who volunteer for such instruction or who may 
need it in connection with or preparatory to vocational 
courses. 

The primary objects of the vocational training are: 

a. To give instruction to that personnel of an organiza 
tion the duties of whom require occupational skill similar 
to that required in the vocations taught. 

b. In time of peace to provide school plants and to de 
velop teaching technique which will be suitable and avail 
able in war for the training of technicians and _ specialists. 

c. To afford enlisted men who volunteer, opportunities fo: 
instruction in vocations which will improve their condition 
in civil life after leaving the Army. 

The Edgeation and Recreation Officer at each post fune 
tions as officer in charge of Post Schools. While the aetual 
operation of the school is in the hands of the officer in 
charge, yet The Adjutant General of the Army is charged 
with the development and production of methods of in- 
struct‘on for general education and the manuals and 
aids to be used therein, and the Chiefs of Branches are 
charged with harmonizing, developing and standardizing 
courses in certain assigned subjects, incuding the methods 
of instruction and the preparation of necessary manuals 
and aids. In addition to the specialties pertaining to a 
branch itself, certain subjects common to two or more 
branches are assigned to a single branch. For example, 
the Ordnance Department is assigned courses for instru- 
ment repairmen, machinists, foundry men and _ pattern 
makers in addition to the courses based purely on Ord- 
nance Specialties. 

The Ordnance Department is particularly fortunate i 
its abilitv to provide this voeational tra‘ning. At the 


various Ordnance establishments are located the proper 
types of companies whose normal duties in the field largely 
parallel or are covered by existing loeal activ'ties. Even 
where the duties are not actually paralleled it is found 
that the existing shops, warehouses and magazines afford 
vocational training possibilities which obviate the estab- 
lishment of separate training schools thereat. Considering 
the Ordnanee organ‘zation in the field, with the line of the 
Army at Special Service Schools of the Line, at Camps, 
ete., it is found that the normal activities of the companies 
constitute themselves vocational training courses and re- 
quire I'ttle supplementing to afford the desired training. 
It is recognized, however, that a strong centralized Spe- 
cial Serv'ce School is necessary to develop the trained spe- 
cialists and to relieve organization commanders from the 
burden of developing specialists. In the organization the 
normal military duties require practically the whole time 
of the enlisted men and it would not be practicable to at- 
tempt to build trained skilled specialists from raw material. 
That is a function of the Special Service School. And 
while it is admitted that the organization is equipped to 
give trades training on the actual matériel or ‘n the actual 
work which the individuals are to follow, vet thorough, in- 
telligent, general training ean best be given at a school 
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fitted and equipped for tra‘ning, with skilled instructors, 
and where the whole atmosphere is one of training rather 
than of performance of routine military duties. Further- 
more it is necessary to retain in operation a school which 
‘n time of emergency can be quickly expanded. 

The Ordnance Specialists School, Raritan Arsenal, N. J., 
under the direct supervision and control of the Chief of 
Ordnance operate primarily for the instruction of Ordnance 
specialists and secondarily for the instruction of enlisted 
men of other branches. From every Ordnanee organiza- 
tion about ten per cent of the authorized personnel will be 
selected for training each year. Such a plan resulting in 
a flow of trained specialists to the line and to Ordnance 
companies will result in a marked improvement in the per- 
sonnel together with increased efficiency of the organiza- 
tions as a whole. 

The Ordnance Special'sts Schools affords the means for 
rapid expansion of the training program in time of war. 
Its facilities then would be fully employed and, operating 
at full capacity, trained graduates would come forth in 
suffic'ent numbers to provide the necessary organizations. 

In considering organizational training it is necessary to 
briefly consider the various types of organizations and their 
loeat‘ons. Ordnanee Maintenance Companies are located at 
West Point, N. Y.; Fort Bliss, Texas; Fort Benning, Ga.; 
Fort Sill, Okla., with the Ist, 2nd, 3rd and Cavalry Divi 
sions and at Watertown Arsenal, Springfield . Armory, 
Watervliet Arsenal and Frankford Arsenal. Ordnance 
Heavy Maintenance Companies are located at Camp Bragg, 
S. C., at the Tank School, Franklin Cantonment, Md., at 
Camp Eustis, Va., and at Rock Island Arsenal. Ammuni- 
tion Companies are located at Curtis Bay, Md.; Raritan 
Arsenal, N. J.; Picatinny Arsenal, N. J.; Pig Point, Va., 
and Pedricktown, N. J., all ammunition storage points. 
Depot companies are located at San Antonio, Benicia and 
Augusta Arsenals, Savanna and Erie Proving Grounds, 
The Proving 
Ground Company and the Headquarters Company are. lo- 
cated at Aberdeen Proving Ground. 


and at Fort Bliss, Tex., all storage depots. 


The Training Com 
pany is loeated at Raritan Arsenal. 

It is thus seen that the proper type of company is lo 
cated at each Ordnance establishment and that the com 
panies on duty with the line of the Army, or at line camps 
and stations, are the proper types to perform the supply 
and maintenance duties to be found there. The organiza 
tional training of these latter companies presents no diffi- 
culties inasmuch as the duties normally performed are very 
s‘milar to those to be performed in the field in war time. 

The large number of companies at Ordnance establish 
ments is accounted for as follows: 


a. In time of peace the personnel can render valuable 
service performing current work in direct line with the war 
time duties. According] there is a direet return to the 
government, 

b. It permits of holding intact trained organizations for 
use in any emergency. As an example, all the Ordnance 
Maintenance Companies stationed at manufacturing arsenals 
are on duty at training camps this summer, performing nec 
essary supply and maintenance duties and themselves receiv- 
ing field training. 

In order to insure that proper organizational training is 
earried out in the Ordnance Companies located at Ord 
nance establishments the Chief of Ordnance has preser bed 
the following: 

a. No enlisted man shall be assigned permanently to any 
dutv which is not strictly in the same category which he 
must perform in the field. 

b. The number of men for guard, fire protection, and simi 
lar duties must be held to a minimum and such details must 





be by rotation and so arranged as not to interfere with 
proper organizational training. « 

c. The organization must be so trained that it can take 
the field at short notice and be able to perform efficiently 
the duties properly assigned to it. To this end training 
schedules must be prepared and instruction carried on which 
will attain this end. This training is to be carried on under 
the general supervision of Ordnance Field Service which by nee 











Core Making at the Ordnance School 


+ 


essary inspections. can determine the status of training at 
all times, 

d. It shall be the poliey of the Ordnance Department to 
utilize Ordnance organizations, or detachments therefrom, to 
the fullest extent at the summer training camps and thus ae 
quire valuable experience as well as render service to the line. 

It is believed that the agencies herein deseribed will in 
sure trained and educated personnel welded together into 
efficient organizations. 


Training of Ordnance Reserve Officers 


The whole question of personnel preparedness can be 
stated in a few words: 
Careful selection. 
Intelligent assignment. 
Adequate training. 
Selection of Ordnance Reserve Officers is made from 


one of the following e¢lasses: 


ad. Those who ser ed nh the Wo i War either is officers, 
enlisted men, or ¢ivilians and who demonstrated their fit 
hess Tor commission, 

b. Reserve Officers’ Training Corps graduate 

ec. Commissioned officers of the National Guard. 

d. Those persons having not less than two years practical 
experience in professions or occupations which fit them for 
performance of duties pertaining to the Ordnance Depart 


ment in time of emergency. 

As time goes on the numbers of trained officers produced 
by the war w'll diminish and it will be necessary to offset 
this loss by selection from other sources. A most promising 
field exists at our edueational institutions where Reserv 
Officers Training Corps Units each vear train and pass on 
into the Reserve Corps, the finest tvpe of young edueated 
Amer‘eans. The Ordnance Department has established 
units at nine of the leading inst*tutions of the country and 
it is planned to extend this number gradually as suitably 
trained commissioned personnel can be spared from other 


activities. 
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Another large source of supply is the class of people in 


civil life whose work to a great extent fits them for their 


contemplated service. This class can be appointed largely 
on a consideration of their professional or occupational 
standing and experience. This professional exper‘ence, to- 
gether with the ability to adapt such knowledge to the re- 
quirements of military experience is a most valuable asset 
to the Ordnance Department. 








Truck Repair Shop 


Raritan Arsenal. 
There are three general ways of determining the qual'fi- 
cations of an applicant for appointment: 
a. Examination of his reeord. 


b. Attendance at a course of 
ec. Personal examination. 


instruction. 


The first method applies primarily to those who served dur- 
ing the World War; the second applies to graduates of 
training camps and R. O. T. C. units; the third appl‘es to 
all other persons, the examination being only of sufficient 
scope to determine whether the applicant possesses “gen- 
eral knowledge of a branch of engineering or other pro- 
fession or occupation qual'fying for duty in the Ordnance 
Officers’ Reserve Corps.” 

It is evident from a consideration of these sources that 
the Ordnance Reserve Officer may be a young man just 
graduating from college or he may be a middle-aged busi- 
ness man; he may be a scientist, an engineer, an executive 
or a lawyer. Whatever he may be, it 's essential that he be 
assigned to a duty for which he is best qualified by eduea- 
tion and experience and to the class of work for which he 
is best adapted. 

For purposes of assignment Ordnance Reserve Officers 
are divided into three general groups as follows: 

a. General Assignment (G. A.) Group: Those reserved by 
the War Department for assignment to activities and duties 
with which the Chief of Ordnance is not concerned. 

b. Branch Assignment (B. A.) Group: Those selected by 
the Chief of Ordnance for assignment to purely Ordnance 
activities. 

ce. Territorial Assignment (T. A.) Group: Those 
to Corps Area and Department Commanders for assignment 
to tactical organizations. 


released 


With the G. A. Group we are not concerned s‘nce the 
numbers are limited and selection has been made by reason 
of some peculiar fitness. 

Officers of the B. A. Group are assigned in accordance 
with their experience and fitness to one of the following: 

a. Office of the Chief of Ordnance. 

b. Ordnance Manufacturing or Field Service establishments. 

c. Ordnanee District Offices. 


When so assigned officers are designated for a spee‘fie duty 
and position, each office, establishment or district having 
a table of organization which designates the duties and 
the appropriate rank for each officer detailed therein. 


Officers of the T. A. 
Divisional, Corps or Army Headquarters or with Ord- 
nance Companies serving in these therewith. The greater 
part of the officers ‘n this group will be assigned to Ord- 
nance Maintenance, Heavy Maintenance, Depot, and Am- 
munition Companies and a much smaller number to the 
various headquarters. Here also assignment must be to 
For example, the assignment to a cer- 
‘It is neces- 


Group are assigned to duty with 


a specifie position. 
tain Maintenance Company is not suffie‘ent. 
sary that the assignment be to a specific section, such as 
the Artillery or the Automotive Section, to the end that no 
misunderstanding can arise as to the exact duties which 
the officer must be qual‘fied for and in which he must be 
trained. 

The activities of the Ordnance Department cover such 
a vast field that the question of training specialists is a 
most difficult one. Were ‘t not that selection has largely 
been made from those whose occupations parallel closely 
Ordnancée activities the training difficulties could be insur- 
mountable. 

The War Department has established Army Correspond- 
ence courses, the object of which is the military training 
and education by correspondence school methods of the 
personnel of the Officers and Enlisted Reserve Corps, and 
civilians who may volunteer for such courses. The plan 
prescribed that the scope of instruction for each branch 
should be as follows: 

Course A.—Elementary tactics and technique covering sub 
jects embraced in the basic course of the Special Service 
School of the Branch. 

Course B.—Tactics and technique covering subjects em 
braced in the company, troop and battery officers’ course of 
the Special Service School of the branch. 

Course C.—Advaneed tactics and technique covering sub 
jects embraced in the field officers’ course given by the Special 
Service School of the branch. 

Course D.—Combined course. for all 
work given by the school of the line. 

Course E.—Special subjects for personnel 
Branch Assignment. 


arms based on the 


reserved for 


It is evident that while courses A, B, C, and D are ad- 
mirably adapted for the instruction of Reserve Officers of 
the Line, they are not adapted for Ordnance ‘nstruction. 
Accordingly, an alternative plan was submitted by the Ord 
nance Office which provides the following courses: 


Course A.—A_ basic fundamental course of instruction, 
largely military, embracing organization, administration, mil 
itary law customs of the service, finance and property ac 
countability, military hygiene, gas defense, map reading and 
other subjects of the same general nature. It is planned that 
this course be taken by all Ordnance Reserve Officers unless 
exempted therefrom by of previous experience and 
qualification. 

Course B.—A course of instruction for officers of the T. A. 
Group covering the general duties of Ordnance Field Service 
and its relation to the other branches of the Service, and 
the detailed duties of each type of Ordnance Company, in 
cluding a study of the working equipment of the company 
and the materiel to be supplied and maintained. 

Course C.—A brief course for the officers at Division, Corps 
and Army headquarters. 


reason 


Correspondence courses are conducted by the Corps Area 
Correspondence Schools and enrollment is entirely volun- 
tary. Of the Ordnance courses, only Course A will be given 
this year because of the non-availability of texts, hand- 
Training regulations are 
being written covering every tvpe of Ordnance matériel 
and the detailed duties of each type of Ordnance Company 


books and training regulations. 


but the program is so extensive that another vear must 
elapse before publication can be expected. 
It is seen that the training deseribed is, with the ex 


ception of the basic course, adapted only for the Territorial 
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Assignment Group. The three courses, supplemented by 
training camps where practical training may be had by 
assignment or attachment to Ordnance organizations, and 
by training periods with Corps Area and other headquar- 
ters where Ordnance personnel is assigned, will furn‘sh 
the Reserve Officer of this group the knowledge and ex- 
perience which will enable him to properly understand his 
duties and proceed with them intelligently when called 
to active duty in time of emergency. 
The training of the Branch Assignment Group presents 
much greater difficulties. A reserve officer may be assigned 
to research work, or design, or inspection, or production; 
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phiets, andbooks, deseript nite l, engineering, and sei 
entific data, and such other pertinent information as may 


be hecessary to keep each officer informed of the latest de 


velopments in the particular line of work for which he is 
designated, 
By furnishing officers assigned to the Ordnance District 


Offices concrete problems to be solved, bearing upon the 
work to which assigned in war time. 

d. By ealling reserve officers to active duty and assigning 
them to the duties which they may « xpect to be assigned in 


time or war. 

This latter furnishes the real training desired and deem- 
ed necessary. Unfortunately two factors enter, over which 
the Chief of Ordnance has no control: 


he may be concerned with artillery, or ammunition, or 


tractors; he may be on storage, or supply, or maintenance; 
his work may be entirely administrative or it may be of a 
technical or engineering nature. It is readily evident that 
training cannot be accomplished by correspondence school 
methods and that the Ordnance Department must seek Re- 
serve Officers whose professions or occupations largely 
qualify them. for Ordnance Service and then endeavor to 
afford such training as practicable. This can be accom- 
plished as follows: 

a. By encouraging frequent visits to the Office of the Chief 
of Ordnance and to the various Ordnance establishments and 
extending all facilities towards helping Reserve Officers be- 
come familiar with the organization, the work being car 
ried on, and the detailed duties of the positions for which 
designated. 

b. By furnishing officers with monographs, lectures, pam 


Training Ord 


a. The number of officers who van be called to active duty 
each vear depends upon the funds appropriated by Congress 
for pay and mileage. 

b. Reserve Officers cannot be called to active duty for a 
period sufficient to give the training desired, except by their 
own consent. 

The difficulties to be surmounted in g'ving the large 
body of Ordnance Reserve Officers the training which will 
bridge the gap between their civilian professions and their 
Ordnance duties are many and complex; only by the closest 
cooperation on the part of all concerned, regular and re- 
servist, with a correct understanding of the training neces- 
sary for each position, and a willingness to make personal 
sacrifices by taking part in the annual training period, can 
these difficulties be overcome and the question of per- 
sonnel preparedness solved. 


nance Officers 


By 


T. C. DICKSON 


AJOR General William Crozer, U. S. Army, Re- 
tired, when Chief of Ordnance, recognized that 
the knowledge required for the design, manutae- 
ture, inspection, maintenance and issue of Ordnance could 
he given more economically to officers of the Ordnance De- 
partment by systematic training than by the method there- 
tofore used since the Ordnance Department was created by 
law, which consisted in the acquiring of the knowledge when 
the performance of duties assigned necessitated that action. 
In about 1904 a series of problems which had been solved 
in connection with the designing of guns, carriages and 
projectiles were prepared and young officers of the Ord- 
nance Department on duty at the Sandy Hook Proving 
Ground as Assistant Proof Officers were encouraged to 
master the basic principles used therein in the time not re- 
quired for their other duties. Subsequently, Electricity, 
Chemistry of Powders and Explosives, Differential Equa- 
tions, Work on Machines and Power Appliances was added, 
and as many of the officers entering the Department as 
could be spared were assigned, with no other duty, as 
student officers for a period of one year in which to de- 
vote themselves to the courses, which was the beginning of 
the Ordnance School. 
In about 1904 the Commanding Officers of the principal 
manufacturing arsenals prepared programs of practical 
work in shops, and young officers upon their entry into the 


A.O.A 


Ordnance Department were encouraged to complete as 
much of the programs as their other duties would permit. 
lhe shortage of officers prevented this method of instruction 
proving satisfactory, and as the variety of work earried 
m at the Watertown Arsenal offered the broadest field of 
instruction, and as the then Commanding Officer took a 
keen interest in the school work, all practical shop and 
laboratory work was concentrated at that place and 
officers were assigned to the schoo! for a period of one 
year. 

The Ordnance School of Application at the Sandy Hook 
Proving Ground and the Ordnance School of Technology 
at the Watertown Arsenal continued in operation until the 
summer of 1917, when they were suspended during the 
World War. In the summer: of 1919 the instruction of 
officers entering the Ordnance Department was resumed, 
the Ordnance School of Application being reestablished at 
the Aberdeen Proving Ground. To obtain the advantages 
resulting from the association of officers with other students 
in civilian technical institutions and the economy resulting 
from utilizing existing facilities, the Ordnance School of 
Application was transferred to the Watertown Arsenal in 
the summer of 1921, consolidated with the Ordnance School 
of Technology, new courses of instruction added, which 
formed the Ordnance School. At the same time, arrange- 
ments were made with the Massachusetts Institute of Tech- 





16 ARMY ORDNANCE 


nology to.give the courses of instruction formerly included 
in the Ordnance Sehool of Application. 

The Ordnance School now includes the following courses, 
namely : 


Course I. 
Course LI. 
Post-graduate Courses at educational institutions. 
Post-graduate and Research Work at the Watertown 
Arsenal and in commercial manufac.uring plants 
Course in Administration and System of Managemen! 
Courses for Officers of the Reserve Corps and Nationai 
Guard. 
Special Courses. 


The object of the courses is to prepare officers of the 
Ordnance Depariment for the efficient performance of thei 
duties. 

Course I, given at the Massachusetts Institute of Tech- 
nology, covers the various basic principles in seienee and 
engineering required for Ordnance work, but the instrue- 
tion is eminently practicable as the principles are learned 
by the solution by students of the same problems as the 
designers of Ordnance have made, by the study of elee- 
tricity consisting largely of the operation and testing ot 
the principal electrical instruments and machines used in 
Ordnance and in commercial plants, and by the chemical 
study of powders and explosives consisting principally of 
laboratory work. The studies included in Course I ar? 
Differential Equations, Ordnance Engineering, Theory of 
Elasticity, Chemistry of Powders and Explosives, Elee- 
tricity, Heat Engineering, Power Laboratory and Prelimin- 
ary Machine Tool Work. This course normally begins on 
July 5th and ends the last of June. Fig. 1 shows officers 
working in Electrical Laboratory. 

Course II includes Pyrometry, Metallurgical Chemistry, 
Metallography, Testing Materials, Gas Engines, Shop Man- 
agement, Field Service, Pattern Making, Foundry Work, 
including Molding and Melting of Metals, Machine Shop 
Work, including Operation of Machines, Assembling, Forg- 
ing and Blacksmithing. The first four subjects are taughi 
in the arsenal laboratories; the Gas Engine Course is given 
at the Massachusetts Institute of Technology; the courses 
in Machine Shop and Foundry, given at the arsenal, require 
student officers to personally do work on each of the vari- 
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ous types o£ machines and of the various processes carried 
on in the foundry; Uus work is principaily manual, suppie- 
mented by study. wigs. 2 and J show officers working 1 
the foundry. tig. 4 shows ofticers erecting a carriage and 
Fig. 5 shows owecers torgng an ingot wiih an 500-ton 
press. Students do not work for a sutticient lengch of time 
on any one type of machine or one process to become tech- 
nieally skilltul, but Go work on each for the length of time 
necessary to obtain a clear conception of the care and skill 
required, of the time taken to perform an operation, the 
best type of machine on which each class of work can be 
pertormed, and the gaining of such other knowledge as a 
supervisor must possess. The Course in Gas Engines in- 
cludes the theoretical calculations of the power obtainable 
from a given design, the dismantling and study of the de- 
sign, the operation, the making of various tests and the 
finding of the cause of troubles to be anticipated with the 
different types of Gas Engines supplied by the Ordnance 
Department. The courses in the foundry and in the labora- 
tory impart a clear knowledge of the various kinds and 
grades of metals used in Ordnance, a practical knowledge 
of making chemical, physical and microphotographie tests 
and give both a theoretical and practical knowledge of the 
annealing and heat treating of steel. 

Student officers working with and among eivilian em- 
ployees become aequainted with the latter, Jearn their view- 
point and obtain the knowledge essential to a supervisor that 
workmen are human beings and that if some of them had 
had the same educational advantages as the student officers 
they would unquestionably have proved equally qualified 
for officers’ duties. This knowledge is essential for an 
officer who is to direct civilian employees. Course IT be- 
gins the middle of July and ends June 30th. 

Briefly, Course I has for its object the assimilation by 
Ordnance officers of the basie prineiples of engineering and 
science used in the design and manufacture of Ordnance 
and their practical application with correctness and facility, 
while Course II has for its prime objeet the qualify ng of 
student officers for supervisory positions in manufacturing 
plants. 

Course I and Course II are the basie courses for fitting 
voung officers to competently perform their duties in the 
Ordnance Department. The limited time available for 
those two courses, namely two years, prevents the inclu- 























Fig. 1. Electrical Laboratory. 
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sion of a number of studies that are necessary for Ordnance 
officers specializing in different classes of work, and which 
have therefore been included in other courses to be taken 
subsequently. The continuation of a young officer for too 
long a period as a student tends to the aequirement of the 


academic point of view. It is the policy of the Chief of 











Molding. 


Fig. 2. 


Ordnance that, upon the completion of the two years in 
the Ordnance School, young officers shall engage in actual 
production. Experience shows that each officer engaged 
in production from time to time finds principles and pro- 
cesses of which more knowledge would be of assistanee, 
and after an officer has been engaged in production for at 
least three years, Post-graduate Courses either at an edu- 
cational insiitution, in the the Watertown 
Arsenal, or in private manufacturing plants, have been 
provided, and the studies to be pursued or work to be done 


laboratorics at 


are determined as far as possible by the principles or pro- 
cesses concerning which the individual has found from ex- 
perience further knowledge would materially benefit him. 
The Post-graduate or Special Course for each officer is 
generally based upon the special branch of Ordnance Engi- 
neering which he desires to follow, such as Chemistry of 
Powders and Explosives, Gas Engines, Metallurgy, Physi- 
cal Research, Electrical Engineering and Mechanical Engi- 
neering, including an advanced study of the Theory of 
Elasticity. When practicable, the course for each student 
at an educational institution is laid out to enable the in- 
dividual to obtain a Master’s Degree. 

Courses in Research at the Watertown Arsenal 
in commercial plants are available for officers special- 
izing in a particular line of work, such as metallurgy, 
steel making, manufacture of and methods of 
production. 

It is the policy that, prior to an officer of the Ordnance 
important 


and 


chemicals 


Department being assigned in charge of an 
division in the Office of the Chief of, Ordnance or to the 
command of an arsenal, the Course in*Administration and 
System of Management should be taken. This course in- 
cludes a study both in private commercial plants and at 
the Watertown Arsenal of the methods of determining the 
kind and quantity of materials required in the execution 
of an order, the various processes and operations by which 
the raw material ean be fabricated in the shortest time and 
at the least cost into completed components and assembled 
into finished articles; the types of machines, equipment, 
fixtures, tools and gauges required in the performance of 
work; the assigning of operations and processes and the 
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rcuting of materials and component parts through the vari- 
ous operations and processes; a study of the number ot 
employees that can be efficiently managed by one super- 
visor and of the duties, responsibilities and authority ot 
supervisors; the working out of organizations for manu- 
facturing plants and a study of the relations between em- 
ployers and employees, including working conditions and 
wages. The material changes that have occurred in the past 
few years in industrial relations make necessary a knowl- 
of the various lines along which this relationship 
been officer can satisfactorily 
The basie principles of 


edge 
has improved before an 
direct a manufacturing plant. 
cost keeping and their practical application are given 
special attention. 
lhe courses for officers of the National Guard and Or- 

gvanized Reserve consist of a basic course which includes 
Testing Materials, Specifications, Pyrometry, Administra- 
tion and Inspection, and has for its object the covering as 
well as can be done in one month the general duties of an 
Inspector of Ordnance. The Second Course includes Metal- 
lurgy and Metallography and one of each of the following 
three electives, namely: 

Ist Elective—Metallurgical Chemistry ; 

2nd Elective—Heat Treatment ; 

3rd Elective—Pattern Making, Molding, Melting, An- 

nealing and Chipping. 

The Third Course ‘neludes tolerances in dimensions and their 
effect on the production of ordnance, effect of maximum and 
minimum limits of dimensions on production, the use of jigs, 


templates and guages, the preparation of inspect'on reports 








and the inspection of the product of the arsenal. 

One month is allowed for each of the above enumerated 
three courses and they are arranged so the courses can be 
taken in successive vears, as few officers of the Reserve 
Corps and the National Guard can spare more than one 
month per vear on active service. 

Special courses are prepared to meet the needs of indi- 
vidual officers in any branch of science or engineering, in- 
cluding research work, when officer of the Ordnance 
Department is designated by the Chief of Ordnance to take 
Special courses are generally given at 


an 


a special eourse. 
the Watertown Arsenal although they may be taken at a 











Making Electric Steel. 


Fig. 3. 


private educational institution or in a private manufac- 


turing plant. 

All of the Courses enumerated above form part of the 
Ordnanee School, which is governed by a Faculty Board, 
the membership of which consists of the Commandant, who 
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is the Commanding Officer of the Watertown Arsenal, an 
Assistant Commandant who handles exeecutively all matters 
connected with the School, of the Director otf Laboratories 
and of the Superintendents of the Machine Shop and Foun- 
dry Departments. 

Almost all work done by student officers in Course II is 








Erecting the 16-inch Howitzer, Model 1920. 


Fig. 4. 


performed on productive work, that is in the making of 
components for issue to the service. This not only decreases 
the cost of instruction but enhances the interest of students 
in their work. 

While the Ordnance School is primarily operated for of- 
ficers of the Ordnance Department, it is the policy of the 
Chief of Ordnance to encourage officers of other branches 
of the service to take to the extent permitted by appropria- 
tions Courses I and II, as the knowledge gained has proved 
highly beneficial to the Line of the Army and helpful to the 
Ordnance Department in the discharge of its duties. Since 
the World War, an appreciable percentage of the officers 
taking Courses I and II have been officers from the Line 
branches. 

As the object of the Ordnance School is to assist student 
officers to assimilate basie principles so they can be used 
rapidly and correetly in their practical application, the Fac- 
ulty Board manages the School to insure the attainment of 
this primary object. No attempt is made to grade grad- 
uates and work is marked only to the extent necessary to in- 
sure that certificates and diplomas will be awarded only to 
those who satisfactorily complete each study. The Massa- 
chusetts Institute of Technology assigns Professors and As- 
sociate Professors who have established enviable reputations 
in their respective lines to the instruction of student of- 
ficers. The instruction at Watertown Arsenal is principally 
given by supervisors in the laboratories and manufacturing 
plants who retain their positions through their technical 
and practical knowledge ‘n their respective trades, and 
who make their living by their efficient production. There 
are several other important advantages connected with the 
Ordnance School that will not be found in any similar 
institut*on. 

Diplomas are awarded for the satisfactory completion of 
Courses I and II. Master’s Degrees are awarded to those 
student officers by private educational institutions who satis- 
factorily complete a Post-Graduate Course. Certificates of 
Proficiency are issued to student officers who satisfactorily 
complete either Course I or Course II, and the Special 
Courses and Research Work. 





Tolerances on Projectile Dimensions 
The 


conducting experiments as to the effect of 


Ordnance Department has, for some time past, been 


tolerances on pro 
jectile dimensions, with a view to securing increased 
while at the keeping the 


accuracy 


same time dimensions within 


those which can reasonably be prescribed in manufacturing 
operations, 

It is evident that the larger the 
to manufacture the shell, 


would expect that the smaller thes 


tolerances are the cheaper it 
will be while on the other hand one 
are the more accurate would 
be the ranging of the projectiles, 

The problem of deciding exactly what these tolerances should 
be is one of the most important and difficult of the problems 
of the projectile designer. Until recently there have been al 
most no data available on which to base such a decision. At 


present, however, as a result of a 1500-round rangefiring pro 


gram for the 155 mm. G. P. F. gun which has just been com 
pleted, the Ordnance Department is in possession of informa- 
tion concerning the effect of changes in these various dimen 
sions on range, and can base its decisions in this regard on 
rational grounds. 

It was found in these 
any of the dimensions 


that a 
noticeable 


change in almost 
influence on 


firings 
exerts a 


the range, and that the range is very sensitive indeed to 
changes in certain dimensions, This general result is ap 


parently contrary to what had been obtained in certain 
firings before the war. 

On the whole the results justify the Ordnance Department in 
regard to the general magnitude of the tolerances which were 
imposed during the war. In the case of certain dimensions 
they might well have been larger, in other cases they should 
pave been smaller. 

The program mentioned above should, however, be regarded 
as only a beginning, for the results obtained from it are only 
applicable to a projectile of a given size and shape when fired 
with a given muzzle velocity at a given elevation. To extend 
this program by range firings so as to cover the various com 
binations of shapes, sizes and muzzle velocities, would involve 
an enormous expenditure of ammunition. As a result of the 
extensive program of air fir.ngs now commencing, 
it is believed useful data on this subject will accumulate at 
much less expense. 

There are undoubtedly 


resistance 


whieh ar 


project.le shapes 


some 





Breaking down an Ingot at the 800-Ton Forging Press. 


much more sensitive to slight changes in dimensions than oth- 
ers. In its future design work the Ordnance Department pro 
poses to make a study of the problem from this point of view, 
with the object of selecting those shapes which will permit 
the greatest tolerances on dimensions for a given effect on 
range. 
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OMBATS between aircraft were still infrequent oe- 
currences when it became apparent that very few 
hits made with machine guns were effective. 
return of an airplane to the field after an encounter, num- 


erous holes would be found 
passed through the fabrie 


and structure. The vulner- 
able target for machine gun 
bullet hits ineluded the 
pilot, the engine and the 
gasoline tank and was com- 
paratively limited in size. 
The only means of increas- 
ing this target was to make 
all hits effective wherever 
they might oceur on the air- 
plane structure. This could 
only be accomplished by fir- 
ing explosive projectiles, 
which bursting on ‘mpact 
would damage not 
only at the point struck but 
at all points hit by its frag- 
ments. 

Airplanes fly for protec- 
tion in formation and it is 
diffieult for attacking air- 
planes to come in close and 
inflict damage, as the for- 
mation is such that in the 
attack the hostile airplanes 
will be subjected to the com- 
bined fire from all or sev- 
eral airplanes in the forma- 
tion. However, if one of 
the airplanes becomes sep- 
arated from the formation, 
the task of shooting it down 
is not particularly difficult. 
In combat it soon devel- 
oped that, to be suecessful 


cause 


against airplanes in forma- 
tion, the formation must be 
broken up and the airplanes 
so scattered as to become 
the prey of wa'ting hostile 
aireraft. * This could only be 
accomplished by employing 
gun fire superior in range 
and destroying effect to that 
of the enemy. To produce 
a weapon which would meet 
this requirement and also fire 
explosive ammunition neces- 
sitated the development of 
larger caliber aireraft guns. 





Aircraft Guns 


PART II 
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Having nothing bette: 


tendeney was to again turn 


On the lect one which could be adapter 


where ineffective bullets had tests of it had not been very 

















Aircraft Gun Ammunition. 
s indicated by the ammu- 


The trend in development of aircraft guns 


nition fired First the pistol was fired in combat as represented 
by the .45 caliber round on the right Then the .30 caliber rifle 
and machine gun were used The addition of armor required the 
development of the .50 caliber gun and the need for explosive pri 
ectiles brought out the 37 mm The 75 mm. gun was developed 
for use in the attack of submarines and for bombardment and there 
is everv indication that a gun of this caliber will be needed fo 
aerial combat by certain types of aircraft 


ie as a guide, the natural 
the ground weapon and se- 


The Ital- 


1 for aireratt use. 


‘ans had brought out a 25.4 mm. gun for aireraft use but 


promising, as the explosive 
shells were not large enough 
to be effective and with 
this small ealiber a_  sat- 
stactory senstive tuse re- 
quired for a‘reraft attack 
had not been developed. 
There were no large ground 
tvpe machine guns which 
ould be utilized as none 
larger than the one already 
used in the air had been 
produced. In fact, no me- 
chanism was at hand which 
would fire automatically a 
projectile large enough t 
give a proper explosive ef- 
tect. 

The minimum e¢aliber for 
such a weapon was indi- 
eated by ground experience 
to be about 37 mm. The 
question was studied and it 
was determined that a gun 
of this size could be mounted 
in aireraft and fired at high 
enough velocities to be ef- 
fective without overstrain- 
ing the structure of the air- 
nlane. The British and 
French therefore immediate- 
ly undertook the develop- 
ment of a 37 mm. aircraft 
eun. 

The lessons learned with 
machine guns had indicated 
that aireraft guns of larger 
ealiber should be of the 
fixed and flexible type. They 
should also be full 
matic in action; that is, they 
should be operated simply 


auto- 


by pulling the trigger, the 


firing and loading opera- 


tions eontinuing without 
further effort on the part of 
the gunner. The French 
had solved all the essential 
problems involved in a gun 
of this ealiber, but it was 
semi-automatic mn acthon- 


requiring that the nner 
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re-load the gun after each round fired. It was realized 
that this feature would prevent the gun from being 
as effective as a full automatic weapon, but since the de- 
velopment of a full automatic gun would be difficult and 
require considerable time to accomplish, the use of the 
semi-automatic principle was decided upon. 














Effect of One 37 mm. High Explosive Shel! on Fuselage of An Airplane. 


A machine gun bullet hitting in the same place would probably not 
have done any damage. The explosive projectile makes almost all 
hits effective wherever they may occur. In this case the hit would 
have brought down the airplane. Such an effect demonstrated the 
need for guns large enough in caliber to fire explosive projectiles 


The first gun of this type was produced by the French 
and instead of being mounted on top of the motor to fire 
through the space swept by the propeller with the firing 
of the gun controlled by a synchronizing gear, it was 
mounted to fire through the hub of the propeller. 

Synchronization was not attempted, for with the large 
caliber of the projectile and its explosive effect serious 
damage would result if the propeller were struck and this 
might oecur even with the most perfect synchronizing gear 
through some error in timing the gear or through the firing 
being delayed by a “hang fire” of a primer. 

The propeller is attached to the erank shaft of the motor 
in the usual design, but the offsets of the cranks and the 
connecting rods leading from the cranks to the pistons 
would prevent a mounting of a gun barrel in the crank 
shaft. A hollow propeller shaft which would enease the 
barrel of the gun was used and this was offset and geared 
to the erank shaft to allow the gun to be mounted in the 
“V” of the motor above the erank shaft. The muzzle of 
the gun protruded through the hollow propeller shaft. 

One of these guns was built into a specially constructed 
airplane and given to Captain Gynnemer, the leading 
French ace at that time. A similar gun was also used by 
the noted French ace Foneck and it is reported, though not 
officially verified, that with such a gun this intrepid flier 
shot down six airplanes in one day with the expenditure of 
only eleven shots. These guns were, however, reported 
upon unfavorably as they required a special airplane and a 
special motor and were of the semi-automatic type. The 
semi-automatic feature as stated necessitated the reloading 
of the cannon between rounds, which was accomplished 
with difficulty as it required the complete attention of the 
pilot even to the exclusion of watching his opponent dur- 
ing combat. 





The British developed a full automatic 37 mm. gun but it 
is believed that none of these was used, for when active 
operations ceased the tui! automatic feature had not been 
perfected to the point where reliable functioning was ob- 
tained. 

‘The limited use by the French of the 37 mm. cannon com- 
pletely demonstrated the actual need for a weapon of that 
caliber. It could fire explosive projectiles with supersensi- 
tive fuses which would function on impact even with the 
lightest fabric used to cover the wings or fuselage of an 
airplane, and armor piercing projectiles which could pene- 
trate the heaviest armor capable of being carried on air- 
eraft. Projectiles carrying relatively large amounts of in- 
cendiary and tracer material could be used and during com- 
bat at close range canister could be fired which would pro- 
ject numbers of lead balls from the muzzle of the gun, giv- 
ing a shot-gun effect and thus increasing at these ranges the 
effective field of fire. 

An air force equipped with these weapons could lurk 
beyond the range of the aircraft machine gun fire of an op- 
posing force, outrange its opponents, stand them off during 
combat and destroy them without entering the danger zone 
of hostile aireraft fire. Although in the past war the use 
of these weapons was limited, the next war will see them 
used in inereasing numbers and it is natural therefore that 
the energies of the various countries of the world should 
now be centered on the development of full automatie guns 
of approximately 37 mm. in ealiber for use on aireraft. 

Guns of even larger ealiber than the 37 mm. were under 
development for use in aerial combat when the war was 
terminated. A 75 mm. aireraft gun had been produced in 
this country and tested on the ground but it was never fired 
from an airplane. Only further development ‘will indicate 
whether combat weapons of the air will be extended beyond 
this ealiber but it is believed that guns of at least 75 mm. 
in caliber will be mounted on dirigibles if not on airplanes 














A 37-mm. Gun Mounted in the *’V"’ of a Motor. 

The propeller shaft is geared to the crank shaft and is hollow. It 
carries the barrel ef the gun which allows the gun to fire through 
the propeller. The gun is not mounted over the motor and con- 
trolled by a synchronizing gear to fire through the space swept by 
the propeller as is done with machine guns because a primer in a 
cartridge might hang fire delaying the actual firing of the gun so 
that the propeller might be struck by the projectile. With explo 
sive ammunition this would be disastrous and even one hit with 
a non-explosive projectile of this size would shatter the propeller 
The effect of blast from the muzzle of the gun on the propeller when 
firing is uncertain and probably would give trouble. 


and be a deciding factor in future struggles for supremacy 
of the air. 

Although the primary function of aireraft guns was the 
destruction of hostile aireraft, the increasing activity of the 
airplane during the war opened up a new use for these 
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weapons in the attack of targets on ground and sea. This 
method of attack was initiated by venturesome aviators who 
would fly low over exposed hostile troops, convoys, wagon 
trains, cantonments and other targets vulnerable to machine 
gun fire, and directing their guns downward would dis- 
charge them with effective results. There were numerous 
instances of attacks of this kind, quite a famous one being 
that of a French squadron which flew low beside a moving 
railroad train carrying hostile troops and fired into the win- 
dows of the train, killing and wounding many and produe- 
ing untold confusion. 

As the war progressed, special airplanes were equipped 
with numbers of machine guns trained downward for the 
particular purpose of trench “strafing.” This mode of 
ughting developed the attack airplane and during the last 
period of the war, the use of attack aviation for combat- 
ing vulnerable targets on the ground became a recognized 
addition to the tactical employment of aireraft. With the 
development of armored airplanes equipped with many ma- 
chine guns and large caliber full automatic cannon a real 
tank of the air is in sight which in the future may prove 
the greatest foe of the ground tank. 

‘The submarine offered a very tempting target to gunfire 
from the air for if its hull could be punctured it could not 
submerge but would be forced to remain above the surface 
where it would meet certain destruction from the gunfire of 
such naval vessels as were in the vicinity or -were called 
there by wireless from the attacking aircraft. To effect a 
puneture a gun of considerable size and power would have 
to be employed not only to penetrate the steel plating of 
the hull but to produce a hole which would be difficult or 
impossible to plug. Guns of 47 mm., 65 mm. and even 75 
mm. in ¢aliber were mounted on airplanes, seaplanes and 
dirigibles for this purpose. 

Our Navy mounted the 6 and 9-pounder Davis non-recoil 
gun (approximately 2.25” in ealiber) in the nose of sea- 
planes for use against submarines. These Davis guns are 
designed so that a dummy slug is fired out of the rear end 
ot the gun at the same time that the projectile is fired 
from the forward end. This slug is so adjusted that the 
recoiling forees are balanced and there is no strain on the 
mount. The guns developed abroad did not employ this 
principle and had therefore to be mounted on very large 




















A 37-mm. Gun Mounted as a Free Gun. 
Such a weapon is capable of firing an effective explosive projectile 
and when developed to fire automaticaily will probably be used as 
an offensive weapon on all aircraft on which it can be carried. 


and sturdily built aireraft in order that the forces of re- 
coil might be taken up without danger of overstraining the 
structure. 


During the war aircraft relied mainly upon bombs for 
the attack upon such targets as buildings, lines of com- 
munication, ammunition dumps, storage depots and manu- 
facturing plants. In bombing there is only one point in 
the sky from which a bomb can be released under a given 
set of conditions and hit the target. If the bomb is not 





The Davis Non-Recoil Gun 
This gun was mounted by our Navy on hydroplanes for use in the at- 


tack of submarines. When fired, a slug or charge is fired from the 
rear barrel at the same time that the projectile is fired from the 
front barrel and thus the recoil forces are balanced and there is 
relatively little reaction on the mounting The guns were about 
2.25-inch in caliber and fired 6 and 9 pound projectiles. The Lewis 
Gun mounted above the Davis Gun is used for the purpose of direct 
ing the fire of the larger gun When the impacts of the bullets 
from the machine gun are seen to bear the proper relation to the 
position of the target the larger gun is fired 


released at the instant the airplane passes over this spot 
or if the airplane is not directed over the particular point 
the bomb will not hit the target. In this event either the 
bomb will be wasted or the airplane must turn about and 
attack the target again. This is a difficult practice with 
airplanes flying in formation in the presence of hostile air- 
eraft and anti-aireraft fire. If a bomb could be given an 
initiai velocity and an initial direction which could be ad- 
justed in accordance with the position of the airplane with 
respect to the target, it would not be necessary to fly in 
any definite direction or release the bomb at any definite 
instant in order to hit the target. 

Sinee this could not be done in any practical manner, 
ecnsideration was given to the firing of guns from the air 
in bombardment operations. A gun would give initial ve- 
locity to the projectile, could be directed at the target per- 
mitting the airplane to fly in any direction within its range 
and if properly pointed would fire the projectile so that 
the target would be hit. 

In developing a weapon for this purpose a 75 mm. bom- 
bardment cannon was produced and mounted to fire 
through the floor of an airplane. The actual test of this 
cannon was not completed by the end of the war and there- 
fore no conclusion in regard to its possibilities can be 
drawn. 

It remains to be proven that the accuracy obtained with 
a bombardment cannon will be equal to or greater than 
that obtained with bombs. The cannon represents a dead 
load whie': must be carried both to and from the objective 
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and which, for a given earrying capacity of an airplane, 
limits the number of projectiles that can be taken. When 
bombs are used there is practically no dead load carried 
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The French 75-mm. Semi-automatic Gun for Mounting on Aircraft for Attack 
of Submarines. 

and therefore a greater amount of high explosive can be 
dropped against an objective than could be fired by a bom- 
bardment cannon from the same aircraft. In addition, all 
the load is released when the bombs are dropped, allowing 
the aircraft to return to the home field unburdened. These 
considerations are responsible for doubts which exist as to 
the value of bombardment cannon and therefore such a 
weapon must be carefully tested before it can be definitely 
known that it can supplement or partly replace bombs in 
bombardment operations from the air. 

Though great progress has already been made in the de- 
velopment of aireraft guns there is still a large field to 
cover in the investigation of these new weapons of war- 
fare and the extensive uses to which they may be applied. 
Already we have progressed from firing a pistol in aerial 
combat to the use of the .30 caliber, the .50 caliber, the 37 
mm. and the 75 mm. gun, but we have no definite reasons 
for believmg that the maximum size of caliber for use in 
the air has been reached. We have seen ground guns con- 
verted to aireraft use, then refined and developed into strict- 








ly aireraft guns. We have found that aireraft guns must of 
necessity be lighter than ground guns, that because of the 
fleeting nature of the target they must fire at a higher rate 
of speed and that they must function under more extreme 
variations of temperature, even under the very low tempera- 
tures encountered in high altitude combat. They must be 
capable of firing in almost every position, sometimes al- 
most upside down, and they must be compactly designed so 
that they can be satisfactorily mounted in aireraft. They 
must be able to fire at high velocities without subjecting the 
structure of the airplane to excessive strain and, above all, 
in their functioning, they must be entirely reliable. 

In the race of guns versus armor for aireraft the guns 
are now far ahead. Although aircraft depends to some ex- 
tent on armor for pretection, its main reliance is in speed, 
maneuverability and superior gunfire. Speed and maneu- 
verability are factors with which guns must compete and 
for this high rates of fire and high velocities are necessary. 
For superiority in gunfire, guns must compete with similar 
weapons which an enemy may bring out and here the trend 
is toward larger calibers. 

It is vital that development work on aireraft guns go on 
without interruption and be favored above other munitions, 
as the part to be played by artillery of the air will be so 
important that even as a preponderance of sea-power has 
been a deciding factor in conflicts of the past, the future 
will see victory dependent upon air supremacy obtained by 
a superior air foree equ'pped with efficient aireraft guns. 


A Bombardment Cannon. 

The muzzle of the gun is seen projecting through an opening in the 
bottom of the fuselage of the airplane. The mechanism of the 
mount allows the gun to be directed forward and back and to the 
right and left of the vertical thus permitting the gun to be trained 
through a limited field of fire 


Aircraft Automatic Cannon 


The effect of the World War on armaments has resulted. in. 


attempts by England, France, Italy, the United States and Ger- 
many to develop automatic cannon of small caliber, primarily 
intended to be mounted on airplanes. Until the present time 
the results have not yet pointed a way to the completion of a 
successful model. Usually the design of experimental models 
has been based on principles commonly incorporated in machine 
guns of the most successful types, in which the bolt retracts 
from the breech at least a distance as great as the length of the 
cartridge, which is fed into the chamber while the bolt is in the 
retracted position. Some types are designed to cause the bolt 
itself to feed the ammunition into the gun. Such a method of 
operation is very successful for small caliber machine guns, 
and in the opinion of some designers, it is thought to be the 
best principle for operating the cannon of small calbers. Some 
authorities believe that it is a method which can never be used, 
and give the following reasons. Medium ealiber cartridges can- 


not be moved with as much violence as the small caliber ammu- 


nition which is used in machine guns because of the greater 
weight involved. The instruction necessary to produce a gun 
of sufficient strength causes the weight of the gun to be a pro- 
hibitive factor, since it is estimated that the weight of such a 
type of weapon is increased as the square of the diameter of 
the bore, which amounts to a weight of 1200 pounds for a gun 


using ammunition loaded with a projectile 114 inches in 
diameter. 


The United States Army Ordnance Department has only re 
cently entered a comparatively new field of automatic cannon 
development, which mainly comprises the construction of .a full 
automatic cannon of 37 mm. or 114 inches in caliber by con 
verting a standard cannon, made to meet the requirements by 
the addition of an automatic feed. The first gun of this type is 
now being constructed at one of the Arsenals and should be 
ready for test in six months, Still another design is under 
preparation, the first model of which should be completed about 
the same time. 
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HE tank is the pioneer in mechanical warfare on the 
battlefield and a clear understanding of it requires a 
consideration of general principles. The principles 
of mechanical warfare, the employment of machines in war, 
are the same as are those for the employment of machines 
in industrial life. A machine increases the productivity of 


manual labor, but it does 
not replace it. A machine 
with a few men does the 
work of many men, but it 


the neces- 
the 


take 


have men 


to operate it 


must 
sary and 
number to 

and usefully 


So with 


necessary 

its products 
dispose of them. 
the one machine of the war 
produced entirely by the 
Allies, the tank, it does not 
replace ‘infantry, cavalry, 
or artillery; it mechanizes 
them and aids them to con- 
serve their energy and ap- 
ply it where most needed. 
The machines of war differ 
from those of peace, in that 
they must have the mobility 
of the troops that employ 
them. 

It must be kept in mind 
that the tank ‘s a machine 
weapon; it is a land ecruis- | 
er capable of crossing coun- 
try with greater speed than 
a rifleman, it gives protection for its crew, and enables them 
to reach and concentrate great gun power on strong points ; 
and it is capable of great shock action. It is a conserver of 
time, men and supplies. 

The light tank company, operated by 145 men, has a gun 
power equal to three machine gun companies (war strength) 
which require 420 men. 

The medium tank company, operated by 145 men, has a 
gun power of four batteries of six-pounder guns and four 
machine gun companies, which require 1,360 men. 

A heavy tank company, operated by 320 men, has a gun 
power of eight batteries of six-pounder guns and ten ma- 
chine gun companies, which require 3,000 men. 

This comparison does not consider the great value of the 
tank as an obstacle crusher, as a demoralizer, as a self-con- 
tained transportation unit, as cover for its erew, or that 
each company has an armored mobile radio station. 

Neither is it overlooked in this comparison that back of 
the fighting companies are the Tank Maintenance Compa- 
nies; back of them, the Ordnance Maintenance Companies: 
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back of them, the Ordnance shops; back of them, the Ord- 
nance manufactories; and back of them, the manufactories 
producing the raw materials; so that to fight one man at 
the front in a tank, in a ship, or with the modern cannon, 
we must employ many men. Modern war does not require 
the nation in arms but it demands the employment of the 

nation in the business of 


mechan- 


war. The gain by 

ical war is that in addition 
the economy ‘'n lives, 

that nation suffers least 

which aoes from peace fo 


war with the least chanae 
disturbance of its 
life. To 
industries 


ava ii- 


dustrial convert 
into 
then, 
when war is over, have them 


their 


our 


peace 
war industries and 
work is 
and 
less costly than to elose them 
put their trained em- 
plovees into the line of an 


resume peace 


less disturbing 


much 


and 


army where they know 
nothing and _ suffer great 
losses due to lack of train- 


ing. 


The principles of war are 


immutable. War is move- 
ment. Suecessful war re- 
quires the proper balance 


between mobility and power 
and the correct employment 
of the combination. A battle may be won by a superior 
foree, but there is no victory unless the superior force has 
the remaining energy and the mobility to follow and de- 
stroy the enemy and the enemy’s country until he is ready 
to sue for peace and serve the sentence the victor imposes. 

In the World War, destructive power had increased a 
thousand fold over that of the time of Napoleon and of our 
Civil War, due to the concentration of energy by railways 
and highways; but mobility on the battlefield had decreased 
t» such an extent that while either side could shoot the other 
off the earth for a space of ten to tweny-five by eight miles, 
neither had the energy and the mobility left to follow and 
hold (roads having been destroyed). On the first of April, 
1918, the obstacle between the Germans and the English 
exhaustion and the lack, of cross-country 

The blows given and received were so para- 


Channel 
transportation. 
lvzing that reeuperation for another effort required months. 

Means to overcome machine guns, wire entanglements and 
Hence, the 
» erush 


was 


trenches without exhaustion had to be devised. 


tank was devised to move independent of roads, t 
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obstacles and carry protected gun power into and beyond 
the enemy’s lines so that a superior foree can reach him. It 
augments the; fire power of the rifleman at critical points 
and enables him to make use of its destructive work. The 
tank, the land cruiser, must have great speed and durability 
in order to concentrate gun power at the different critical 
times and points and in order to eseape destruction by artil- 
lery. It will more than replace the horse artillery of the 
Napoleonic wars and of our Civil War. 

The first essential of the tank is ability to cross country. 
General Swinton of the British Army, on seeing a eater- 
pillar tractor, conceived the tank. A naval constructor, a 
banker and a cabinet minister planned, promoted and made 
possible its construction. 

The Britisk studied and designed “machine gun destroy- 
ers” from October 1914 till June 1915, but made little ad- 
vance, due to lack of coordination. Then the landship com- 
mittee was constituted. It promptly rejected the Jugger- 
naut of 1000 tons and the 15-ft. wheel tractor type and 
concentrated on the caterpillar tractor type. The first of 
these, the Mark I, was produced early in 1916 and fifty 
were turned out and used in the Battle of the Somme, Sept. 
15, 1916. The mechanical defects learned in \this and sub- 
sequent battles led to the design and construction of the 
Mark II, the Mark ITI, and finally the Mark IV, of which, 
by Nowember 1917, 500 were ready. The mechanical strug- 
gle to improve the machines was easy compared to that of 
overcoming the prejudice of the old army and getting a 
fair try-out. This first came at the Battle of Cambrai, 
Nov. 20 to Dee. 3, 1917. The success gained by tanks on 
the first day was so stupendous that it not only caused rush 
orders to be given by the British Army for improved tanks 
in large numbers, but also by the French and American. 
The British had already started to improve the Mark IV 
and the lessons of Cambrai called for a medium fast tank; 
hence, the Whippet. 

The battle of Cambrai demonstrated the necessity for a 
land fleet composed of heavy tanks for penetrating the 
enemy’s fortified lines, light fast tanks for exploiting the 
break through, cross-country gun earriers, infantry ecar- 
riers and supply carriers. No type of heavy tank in pro- 
duction was satisfactory, so we went in with the British for 
the production of our present Mark VIII. There was no 
suitable medium fast tank in production, so we took the 
French light Renault, improved it, and produced it in large 
numbers—our present 61-ton tank. For earriers, we pro- 
posed to use Holt Caterpillar tracto'rs with suitable bodies. 

Eight months after the Battle of Cambrai, the British 
fought the great tank battle of Amiens. In this battle, the 
type of tanks used at Cambrai had been disearded for fight- 
ing and, after having been modified, used for carriers, while 
the new Mark V and Whippets did the fighting. The 
war ended before a new type of tank free from the defects 
and weakness of the types used at Amiens could be pro- 
duced. We have not yet produced the tank with the mo- 
bility we learned at Amiens a tank must have. 

The Tank School is but a combination and development 
of the heavy tank school that we maintained in England 
with the Britsh during the last eight months of the World 
War and of the light tank school that we established and 
operated in France with American officers trained in the 
French schools. 

The war methods have been kept un and until the individ- 
ual is trained to operate the tank, its guns, and the motor 
eouipment, few books and little theory are used. Officers 


enter the school with beliefs based on the valor of ignor- 
ance and it is not until they are shown what Tanks ean dn 
and especially until they are taught to operate Tanks over 
difficult terrain that they see their value and ean direct them 


ARMY ORDNANCE 











with economy and efficiency. It is thought that this method 
alone will keep our army from becoming antiquated. 

The efforts of the Ordnance Department and the Quar- 
termaster Corps to equip the Army with the necessary ma- 
chines for modern war will be futile unless the officers of the 
line can be made to acquire the habit of economically and 
efficiently operating and directing them. This ability re- 
quires no great amount of intelligence or technical knowl- 
edge. Aberdeen unquestionab)y possesses men of higher 
technieal skill and training than the 30th Ordnance Main- 
tenance Company, vet to operate a Mark VIII Tank con- 
tinuously and efficiently, it is necessary to get a man from 
the 30th Company who has acquired the habit of operating 
the machine and the belief that it is durable. 

The object of the Tank School is two-fold: the train‘ng 
of personnel and the study for the development of im- 
proved tanks and equipment. 

The individual officer and soldier *s trained in the opera- 
tion, maintenance, control and employment of tanks, and 
then goes into an organization where the habit of operating 
the machines is acquired. The general influence of the 
school is to hasten the comprehension that modern war is 
a war of machines and that the soldier must learn to 
operate them; that modern Infantry is technical Infantry, 
and that its personnel must know the automatic rifle, the 
machine gun, the accompanying cannon and the tank as 
thoroughly as the rifle was known. 

In the next war, machines are going to supplement the 
efforts of flesh and muscle to a larger extent than ever be- 
fore, and success will require the personnel to be trained 
in the habit of operating machines, and to appreciate that 
the advent of improved machine weapons on the battlefield 
requires modifications in tact'es to make the best of them. 
The situation ‘s similar to that of the automobile thirty 
years ago. The conception and idea in the minds of a few 
were as clear as they are today as to the usefulness and 
value of motor vehicles, but a doubting publie would have 
nothing to do with them. It cost millidns of dollars and 
years of designing and redesigning to produce reliable ma- 
chines, and then years of demonstration to convince the 
world that a technical education resulting in the aequiring 
of much mechanical knowledge was not necessary to the 
safe and useul operation of a motor vehicle. They are 
best operated by painstaking persons who acquire the habit. 
Dreams are dreamed in an instant, and machines embody- 
ing them are quickly built; but mass education requiring 
the departure from old habits and ideas, which is necessary 
to make the dreams come true, is slow and requires much 
time. 

The study for the improvement of the type of tank in use 
is continuous. It is recognized that the tank of the World 
War is but the first and a poor type of a machine which was 
built to embody mobile, cross-country, protected gun power 
with shock action. The types of tanks in use are improve- 
ments on any produced during the World War and the type 
being built is a great advance on its predecessors but it is 
recognized that the last word in tanks has not been said. 
The conception of the tank is correct; the best type so far 
prodneed is in its infaney and suffering from infant trou- 
bles. It is necessary to keep in mind that the tanks are land 
eru’sers and their successful operation requires a well-bal- 
anced fleet composed of gun carriers, cargo carriers, repair- 
shop carriers and troop carriers. The influence of ithe 
British navy in the production and employment of the tank 
was large and directed along correct lines. 


Method of Training 
The training is practical and efficiency is determined by 


performance. The following routine is followed: 
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The recruit, the first month, is given an intens've course 
in the train‘ng and duties of the soldier, to include the 
school of the company. He is then started in one mechani- 
cajl school and one gunnery school. 
pletion and display of sufficient intelligence, he may start 
On edmpletion, he is as- 


On satisfactory com- 


on reconnaissance or signaling. 
signed to a tank company for platoon and company work. 
Tank drivers from the companies are sent to the motor 
vehicle school, where they quickly acquire the ability to 
drive a truck. Thus, all the personnel in the center is used 
for training. It is in the company that the practice is given 
and the habit acqu*red that makes the skilled tank operators. 


A Divisional Tank Company (Light 
(Peace Strength) 

Five officers and 105 soldiers, 24 fighting tanks, 1 radio 
tank, 25 Mack trucks for tanks, 1 Artillery repair truck, 
1 Artillery supply truck, 6 cargo trucks, 1 light supply 
truck, 1 gas truck, 1 automobile, 2 motoreyeles. Total 63 
motor vehicles. 

One kitchen trailer, 1 water trailer, 10 37-mm. guns, 14 


machine guns. - 


The Tank Group 
The objeet of the group is to furn'sh in time of 
nucleus of the tank force for the first army; and in time of 
peace, an operating organization in which the trained indi- 
vidual gets the habit of operating tanks and combined train- 
The officer gets 
It would be 


war the 


ing *n the platoom, company and battalion. 
practice in operating tanks with the Infantry. 
ruinous to let any untrained individual into the group, 
henee all officers and non-commissioned officers must be able 
to drive tanks. 


Relations to the Ordnance Department 

The relations established by the Chief of Ordnance and 
the Chief of the Tank Corps in December, 1917, at the 
Headquarters of the A. E. F. have not been interrupted. 
Briefly, they were that the Tank Corps was to state its re- 
quirements and the Ordnance Department would make 
every effort to meet them. Fortunately, the first Ordnance 
representatives for tanks consisted of a combination which, 
for a broad knowledge of tanks and their employment and 
technical skill could not be excelled. When we learned from 
the “Tommy” that the best British tank used at Cambra: 
was a “deaf, dumb and blind beast,” no argument was nec- 
essary with Col. Drain and Cof. Alden to convince them of 
the fact. The Ordnance officers then kept up with the Tank 
needs by personal touch, and so it is with the Ordnance or- 
ganization at the Tank School now. It is believed that more 
work is done here with less correspondence than anywhere 
else in the Army. 

The war demonstrated that the suecessful operation of 
Tanks required a clear understand'ng and separation of the 
functions of technical and tactical maintenance. The first 
pertains to the Ordnanea Department, which has all the 
classified mechanics; and the second, to the Tanks, whose 
personnel is made up of operators. 

(a) Technical Maintenance-—The Ordnance Department 
secures by manufacture or purchase all tank equipment re- 
quired by the Tanks. 

The Tanks give general specifications for what they want; 
the Ordnance Department designs, produces, and delivers 
at the rail head, where they maintain a depot and a Heavy 
Mobile Ordnance Repair Shop for tuning up and repairing 
breaks, replacing tanks, and furnishing spares. 

(b) Tactical Maintenance.—In the zone of advance and 
in training centers, maintenance is performed by tank per- 
sonnel; that is, replacing broken or damaged parts and 
making such minor repairs as ean be done with the tools 
allowed in the organization equ'pment. 
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Divisional companies, battalions, and groups have mobile 
repair shops and maintenance units. 

The practical operation of this *s as follows: 

The Ordnance Depot and Maintenance Company are as- 
sumed to be at the railhead; in advance of this, the Tank 
and in advance of this, the oper- 
if withtn 


Maintenance Company; 
ating organizations. <A 
the ability of the platoon, company, or battalion, broken 


tank becomes disabled; 
parts are replaced by spares and the tank is repaired with 
the hand furnished. If 
turned over to the Tank Maintenance Company, which re- 
places broken parts with spares or makes such repairs as 


tools beyond their ability, ‘t 1s 


made with their tools. It also furnishes the Com- 
mandinge Officer with a the 
Whenever damage is due to neglect or carelessness, 


can be 
report ol cause of damage. 
the or- 
ganizat‘on commander is called to account. 

Broken parts and major repairs are turned over to the 
Ordnanee Maintenance Company. The important thing is 
that when the Ordnance returns a tank to an organization, 
All 
controversies disappear when referred to the first agree- 
Tanks state their requirements the Ordnance at- 
ment. Tanks state their requirements; the Ordnance at- 

The Tank Board.—S nce the merging of the Tank Corps 
into the Infantry, the Tank School maintains a Tank Board 
for keeping abreast of Tank improvements and develop- 
advising the Chief of Infantry on matters 
Touch is main- 


it is demonstrated to be serviceable to! a tank ‘squad. 


i 


ment. 


ments and for 
of organization, production, and training. 
tained by a liaison officer, who also sits with the Ordnance 
Tank, Tractor, and Trailer Divisidn. 

The cost of producing and maintain‘ng sufficient tank 
equipment for an Army of the probable size we will re 
quire in an emergency is prohibitive and by the time it 
might be produced, it would likely be obsolete. The policy 
that has been approved by the War Department fer tanks 
is to maintain what we have in 
training, plan and produce a pilot embodying all the ap- 
proved ideas, try it out, perfect it, then build enough of 


readiness for battle and 


the approved type to equip a company for tactical study, 
and with them secure the jigs and tdols necessary to put 
the type into quantity production. 

As it takes eighteen months to produce a tank, starting 
with the design, this poliey saves us eighteen months in an 
In six months more, or as quickly as we could 
get the personnel, we would have tank equipmtent. In ad 
dition, if we can standardize the chassis of the tank for 
general Army use and demonstrate to the public that it is 
of great commercial value, the essential part and the big 
part will be in quantities when needed for war, just as the 
automobile and truck are. 

The matter of putt'ng on the chassis a body suitable for 
tank, suitable for truck, 
simple. This last the French have done recently 
Afriea with considerable On land, 
stricted to his expensive and laborously built roads; 
country transportation 
full utilization of the earth. 

To the Ordnance Department the Tanks say: “We 
a machine with a real caterpillar tread, capable of conform- 


emergency. 


suitable for a gun or omnibus is 
‘n North 
success. man is re- 
crTross- 


‘s necessary for his progress and 
want 


ing to inequalities of the ground, elastie suspension for 
speed and durability, a speed off roads of 12 m. p. h., the 
speed of army trucks on roads, weight and dimensions to 
be such as to enable them to use highways and highway 
rifle 
100 
miles, and an armament of one 6-pounder and two machine 


bridges, armor protection against machine gun and 


bullets, a cruising radius on one fill of gasoline off 


guns.” 


In the victory that will follow the employment of such 


a machine, the men who make it will share equally with 


those who wield it. 








Future Ordnance Officers 


By 


A. W. MAISH 


Member A.O 


OR the first time ¢n the history of our country we 
The National Defense Act ot 
stress of imminent war, modified in 


have a military policy. 

1916, born in the 
1920, as a result of our experience in France, gives us a 
definite plan for utilizing effee.ively our enormous man- 
power in case of a major emergency in a manner in keeping 
with our national traditions. 

It provides for a small Regular Army to garrison our 
overseas possessions, to form the nucleus of our first line 
of defense, and sufficient officers to act as a training corps 
for our citizen soldiery. It provides for a Nat-onal Guard, 
which has admirably earned its recognition as a national 
institution in the maintenance of internal order and sup- 
port of the Regular Army in first line defense. But th 
unique feature of this Act is that for the first time the 
constitutional right to call upon all able-bodied citizens to 
defend our country is given concrete expression in the crea- 
tion of an Organized Reserve to be constituted in t'me ci 
peace of skeletonized organizations completely officered bu° 
with only a few non-commissioned officers and enlisted 
specialists. In the event of war these Reserve Div'sions anc 
Units would form the bulk of our armies. Whether the 
future war will be fought in our own or the enemy’s coun- 
try will be determined by the rapidity with which we can 
mobil‘ze our armies, and the suecess of this mobilization and 
ot the war rests on the trained officer personnel, on the 
officers of the Regular Army and the National Guard pri- 
marily, but more especially, because of their number, on 
the officers of the Reserve Corps. 

The majority of the officers in the Army during the War 
accepted reserve commissions on their discharge from ae- 
t've service, so that it is possible to make the initial assign- 
ment of officers to these units of the Reserve Armies from 
men who have had experience in war. However, this most 
valuable asset in national preparedness, this splendid body 
of war-trained men, w'll be constantly reduced in number 
from year to year, until at the end of twenty vears they 
will have to be written off the books entirely. In order to 
discount this national depreciation in our experienced offi- 
cer personnel, and to fill the shortages already existing in 
many of the branches of the service, the National Defense 
Act provides two pr'ncipal agencies for obtaining and 
training Reserve Officers: The C'tizen’s Military Train- 


ing Camps and the Reserve Officers’ Training Corps. 


The Citizen’s MiFtary Training Camps, or the C. M. 
T. C., is an expansion of the Plattsburg idea, and provides 


for progressive advancement of the more competent men, 
who upon completion of their third and advanced camp 
may then be recommended for a Reserve commission. The 
Reserve Officers’ Train‘ng Corps, or the R. O. T. C., intro- 
duces into our colleges and universities military training 
alongside of their professional training, so that a man who 
jeins the R. O. T. C. and meets the requ'rements may, on 
graduation, be recommended for a Reserve commission. 
It is but logical that the Government should give special 
inducements to college men to become officers in the Re- 
serve, for it was abundantly proven, if proof were neces- 
sary, that as a group, with their trained minds, their imagi- 
nation and their ideals, they made the best officers in the 
War. 

Military training in the R. O. T C. 
basic course during the freshman and sophomore years in 
which the elementary military instruction, common to all 
branches, is taught, and an advanced course during the 
jun‘or and senior years, in which students are given spe- 
cialized training *n the branch of the service which they 
select, and in which they hope to receive a Reserve com- 
mission. Three hours of recitation or drill a week are re- 
quired .in the basie course, and five hours in the advanced 
ecurse. This may be instruction given directly by the 
Military Department, or where practicable, by any other 
appropriate department of the institution under the super- 
v'sion of the Military Department. In connection with the 
basie course, a basic camp is authorized, but not required, 
and because of limited funds, has not as yet been greatly de- 
vdloped. As a part of the advanced course every student 
is required to go to a special training camp of his branch 
of the service for six weeks of ‘intensive training during 
one summer, preferably between his junior and senior 
years. 

As an inducement to join the R. O. T. C., and in com- 
pensation for the additional work required, the Govern- 
ment allows the advanced student one ration a day, or its 
ecmmutation ‘n money, during the period of his enroll- 
ment and in pay $1.00 a day during eamp, which for the 
value of the ration during the past year, amounts to ap- 
proximately $276.00 for twenty-one months they are en- 
rolled in the advanced course. They are also allowed trans- 
portation mileage to and from eamp, and a uniform al- 
lowance of $36. In effeet, this amounts to a Government 
scholarship in mil‘tary training of over $300.00 for each 
advanced R. O. T. C. student. 


is divided into a 
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Measuring Velocity of 4.7-i: Projectil Firing 10-inch Gut 

All of the military instruction at an institution is under general scope and minimum number of hours of recitation 
the direction of an officer of the Army who is designated were preseribed. Additional Ordnance credits were al- 
he Professor of M‘litary Science and Tactics. The officers lowed for additional work in authorized subjects, and a 
and non-commissioned officers, who are his assistanis, are student required to elect a course ineluding additonal work 
designated assistant professors pnd instructors, respectively, it necessary, which would give him a total of 18 points in 
and are organized into the Department ot Military Scienc (Ordnance eredits in order to be eligible for the Ordnance 
and Tacties, coordinated wth the other departments a Lnit. In preserbing the scope of those subjects, which are 
forming an Integral part ot the imstruciing staff of th directly related to Ordnance, an effort was made to indi- 
institution. Conditions at the various technical schools and cate such Ordnance problems and descriptive matter as 
universit'es throughout the country vary greatly, but it is was thought to be pertinent, without jeopardizing the pro 
believed that the Department of Military Science and Tac fessional value of the subject. 
ties everywhere is becoming more a factor In university lite It is the policy of the War Department that w'thin. the 

The problem of training R. 0. T. C. students tor duty general programs of training issued by the several branches 
as future Odnanee Officers differs greatly from that of of the service, the courses of study and the manner of in- 
other branches of the service. The train‘ng of the con struction shall be left, as far as possible, in the hands 
batant arms is, of necessity, military in character, and « the Professor of Military Science and Tacties and the offi- 
sists primarily in the study of the art of war, strateg cers in charge of un‘ts, who are held responsible for the 
minor taetieal problems, drills, and the technical work ot — results obtained. The officers in charge of Ordnance Units 
their branch of the service. On the other hand, so closely have had not only to meet very different academic cond: 
is Ordnance Engineering related to general industry that tions and standards, but also widely differing policies o! 
graduates of engineering sehools in subjects related to Ord their professors of Military Science and Tacties, so that 
nanee Engineering are fa‘r material for Reserve Ordnance training in Ordnance at the several institutions at whien 
Officers, with no special training other than the elemen- we have units necessarily differs greatly. 
tary military instruction required of all officers as given It may, therefore, be desirable to give a brief outline of 
in the usual basie course, and the practical ‘nstruection in the present approved system of Ordnance training at 
the handling of ordnance given during the six weeks of Massachusetts Institute of Technology, the first Ordnance 
eamp. The poliey of the Ordnance Department has, there- Unit to be established. The basic course is given in the 


fore, been to prescribe no base course for Ordnance, but Schedule of Instruction below: 
to accept that of any branch as satisfactory, and to direet The advanced course for Ordnance students can best be 
its attention to insuring, first, that its students have a high given by quoting directly from the next year’s catalogue. 
































standard of professional training, and, secondly, that in “MS 28, Advanced Ordnance Open to Students in 
appropriate courses Ordnance subject-matter and _ prob- Courses II, III-2, V, VI-a, X and XV-2, Subject to 
lems are introduced to the end that the relation of the sub- Certain Limitations.” 
Jeets studied to Ordnance Engineering may be clearly Note.—On assurance that the recommended revision of 
established in the minds of students. the regulations would be approved, the courses that would 
In order that this purpose might be accomplished, a sys- then be eligilile for the Ordnance Unit have been indicated, 
tem of Ordnance credits was established for subjects whose namely: Metallurgy, Chemistry, Electrical Eng‘neering 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
DEPARTMENT OF MILITARY SCIENCE AND TACTICS BASIC COURSE 1921-1922 SCHEDULE OF INSTRUCTION 
weens [1 12 [3 [4 15 [@ [7 [8 [9 Jo [wf fie fis [4 [15 [re fiz Jia fia [20] = [22 [2s [24 [25 [26 [27 [28 [29 [30 
CAC. INFANTRY DRiLt Muirary Hyroiene 1" lonaseuzance MictTARY Law [MANUAL OF | conmonsca- |) INFANTRY DRILL 
ENGR | (Schoo. of THE Sousier, |CouRTESY | SANITATION Ano) ommesraran AND THE | INTERIOR, | "ONS FORA) i} ((Scnoo. oF THe Company, CEREMONIES AND DUTIES 
FRESHMEN | 5°-| Squap, Platoon Ano ANO FinstAio =|) AND RuLes oF Guano Duty |e” ror || OF N.C.O's AND OFFICERS, FRESHMEN ROTATING IN 
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(specializing in power), Mechanical and Electrical Engi- 
neering Administration in addit‘on to the two courses 
Mechanical Engineering and Chemical Engineering, now 
authorized. In addition, it will be then possible to secure 
individual men from Physies and General Science courses 
who ean arrange their schedules to meet the Ordnance re- 


quirements. 








R. O. T. C. Camn, 1922. 
Attaching Bombs to Martin Bomber. 


“In view of the intimate relation between the work ot 
the Ordnance Department and general industry, ad- 
vanced Ordnance ‘nstruction is given by introducing 
Ordnance subject-matter in appropriate subjects of the 
above courses.” 


Note.—Instruction by the introduct‘on of Ordnance data 
and problems in appropriate subjects is a basic principle 
of the original Ordnance training regulat*ons that has un- 
questionably proved its value. It offers an almost un- 
limited field for the ingenuity of the officer in charge of 
the Ordnance Unit, and, as a rule, the faculty are only too 
glad to rece've suggestions for incorporating Ordnance data 
in their course that will add to the interest of the work. 

In Applied Mechanies, the basic problems encountered in 
Ordnance design are used to illustrate general principles. 
In Hydraulics, the hydraulic brake and reeuperator are 
studied. In the Theory of Elasticity, compound cylinders 
are studied by means of a built-up gun. In Thermodynam- 
ies, the gun is treated as a gas engine, in which the piston 
is not returned, and the heat losses are caleulated. In chem- 
ical subjects, substances used in the manufacture of Ord- 
nanee are identified and their use explained. The relation 
of chemical processes such as drying, recrystallization and 
combustion to the Ordnance problem are emphasized. Ther- 
mochemistry is studied in its relation to the fixation of 
nitrogen, and in Chemical Engineering, the plants and ap- 
pEances used in the manufacture of pyrotechnics, explo- 
sives, detonators, nitric and sulphur‘e acids are studied 
with particular reference to the production of ordnance. 

“Advanced ordnance instruction is given ... . 
by special ‘nstruction in that phase of ordnance engi- 
neering bearing directly on the course the student is fol- 
lowing.” 

Note.—In order to summarize the knowledge of ordnance 
they have received indirectly in connection with the sub- 
jects of their regular course, and to give them a concrete 
p*eture of the work they may be expected to do when ealled 
into active service, it is believed highly desirable that all 
Ordnance students be required to take in their senior vear a 
eourse of special instruction *n that phase of Ordnance 
Engineering for which they are best fitted. The officer in 
Charge of the Ordnance Unit w'll assist in this instruetion. 

In Mechanical Engineering a special option has been ar- 




















ranged for Ordnance students taking the general course, 
which includes 40 hours of heat treatment, with spec‘al 
reference to Ordnance, and 80 hours of Ordnance Engi- 
neering. In the last term the students will be given the de- 
sign of a gun and earriage. Those students taking the 
Automotive Engineering option will study the design of a 
tank or tractor. It is planned to give the Ordnance stu- 
dents taking Engineering Administration a shorter and 
more general course 'n Ordnance Engineering, covering the 
gun-carriage problem. All Ordnance students taking chem- 
ical courses will be required to take a special elective in the 
Chemistry of Powder and Explosives under Professor Da- 
vis, one of the best explos*ve chemists developed during the 
War. In Metallurgy, Ordnance students will be required 
to take special elective Metallurgical Plants with 60 addi- 
tional hours allowed from their thesis time, devoted espe- 
cially to furnaces and apparatus for the production of ord- 
nance. Full academic cred*t is given for all of the special 
Ordnance instruction noted above, except the 30 hours re- 
quired of students in Engineering Administration. 
“Advanced Ordnance instruction is given —- 
by a brief course of general lectures on Ordnance sub- 

jects—given by the Ordnance officer assigned to the Mili- 

tary Science Department.” 

Note.—It is considered especially desirable that all Ord- 
rance students be given a knowledge of the organization of 
the Ordnance Department, the functions and relations of its 
major d‘visions, the activities of its various arsenals, and 
especially the operations of the Field Service. 

There has also been established recently at Massachu- 
setts Institute of Technology the first collegiate post of the 
Army Ordnance Association, with practically a full mem- 
bership of all Ordnance R. O. T. C. students and Ordnance 
officers studying at Technology. Meetings are held and 





R. O. T. C. Camp, 1922. 
14-inch Plate Penetrated by 14-inch Projectile 








talks given on the latest developments of ordnance. In its 
capacity as the Society of the R. O. T. C. Unit, it has done 
much to raise the esprit and promote fellowship among 
these future Ordnance officers and their older brothers. 

The conditions are especially favorable for the develop- 
ment of an Ordnance Unit at Massachusetts Institute of 
Technology which, for a number of years, has been in inti- 
mate contact with the Ordnance Department through Water- 
town Arsenal. Whatever has been accomplished is due to 
the splendid co-operation of Professor Miller, head of the 
Mechanical Engineering Department, himself a Colonel of 
Ordnance with the Reserve Corps, and the other professors 
who have entered so enthusiastically into the training of 
these future Ordnance officers. 












The summer camp of six weeks is the principal oppor- 
tunity for practical instruction, and the Ordnance Depart- 
ment gathers its men from all its units at Aberdeen Prov- 
ing Ground. Here we have an unusual opportunity for 
interesting practical work. Not only do the students learn 
to operate and fire the arms of all branches of the Service, to 
operate and maintain tanks and tractors, but also to ae- 
tively assist in the test of new and experimental matériel, 
and in the regular proving ground operations, such as ae- 
ceptance tests and ballistic firings. 

The camp started on June 15 with representatives from 
six Ordnance Un‘ts, distributed as follows: 

Massachusetts Institute Technology, 39; Cornell Uni- 
versity, 19; Georgia Institute Technology, 21; Wisconsin 
University, 5; Michigan University, 5; Yale University, 2. 
Total, 91. 

This year’s schedule of ‘nstruection is a marked improve- 
ment over that of former years, in that the number of lee 
and actual 
The time is also 


tures has been reduced to the minimum work 


with the material increased accordingly. 
<0 apportioned that practical instruction is assured con 
The 


are grouped ‘nto sections of eight or nine men to an instrue- 


tinuw'ty of at least three consecutive hours. students 
tor, permitting the maximum amount of individual instrue- 
ton and actual operation of the material by the men. 
College groups are purposely divided, in bunking, mess, and 
sections, so that full advantage may be taken of our small 
camp where everyone may know everyone else. 

The amount of ground to be covered in the limited time 
available of necessity leaves little time for organized ath- 
let'es, which is an important most training 
canips. However, every student is encouraged to enter into 


feature of 


some form of sport, especially swimming. Classes have been 
formed for those eannot swim. For those who can 
swim, the “Buddie System” is in foree, and a swimming 
Each company has its baseball 


who 


meet is being organ‘zed. 
team, which is now engaged in an exciting “world series.” 
Four excellent tennis courts are available to students, and a 
tcurnament is to be held at the end of camp. A nine-hole 
golf course adjoins the camp. Advantage has been taken 
of the presence of the captain of the Cornell fencing team 


to arouse interest *n this soldierly sport. The future e¢)- 


tors of technical magazines are busy on “The Bursting 
Bomb,” a souvenir book of the camp, which it is hoped will 
The musicians have organized 


be the first of a long series. 





FUTURE ORDNANCE OFFICERS 


R. O. T. C. Camp, 1922. 
Self-propelled Mounts Negotiating Sunken Road. 
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dances, and 
Pienies 


an orchestra that holds forth at the weekly 
almost any time in the students’ club after dark. 
and trips are being arranged for the students who do not 
ava'l themselves of the passes over week-ends. Aberdeen 
is only forty minutes from Baltimore and only one and one- 
half hours from Philadelphia and Washington. It is be- 
lieved that this year’s camp will be the most successful one 
that the Ordnance has held and that no camp of any branch 
can offer more interesting work or more general good time. 

In the establishment of its R. O. T. C. Units the Ord- 
nance Department has been greatly handicapped by a short- 
age of officers with sufficient experience to be placed in 
charge of units. However, it has established eight units, 
as shown on the following table, and is planning to establish 
three more in the near future. 


Enrollment 
of Advanced 


Date Students 
Institution Established 1921-1922 
Mass. Inst. Technology 1919-1920 82 
Cornell University 1920-1921 50 
Yale University 1920-1921 13 
Wisconsin University 1920-1921 25 
Georgia Inst. Tech. 1921-1922 29 
Michigan University 1921-1922 7 
Cincinnati University 1921-1922 
California University 1922-1923 
Total 206 
It is believed that most of the train‘ng of these future 


Ordnance officers is one of the most important problems of 
the Ordnance Department. The importance of this task 
can readily be appreciated when we realize that the Ord- 
nance Department will require for the next war over 5,000 
Reserve officers, that of this number we have less than one 
half now commissioned, that our yearly loss is approx!- 
mately 150, a number that will increase rather than de- 
crease with years, and that our yearly gain has been but 
180, of which 70 have been from the R. O. T. C. 

It must be remembered that the Ordnance Department is 
in keen, though friendly, competition with the other 
branches of the Service for these trained m‘nds of the coun- 
try that yearly graduate from our technical institutions. 
The men of the Army Ordnance Association know our need 
and ean help the officers in charge of Ordnance Units enor- 
mously by taking an interest in their nearest unit and in 
these young Ordnance officers from the R. O. T. C. 








Commercial Tractors for Emergency 


Use 


J). B. HANEY 


Member 


T is the purpose ot this paper to present the results of 
an investigation of the tractor matériel that would be 
available for the use of the United States Artillery in 

case of emergency. Some prominent types are described 
briefly so their characteristics may be compared with those 
of the Artillery tractor matériel being developed by the 
Ordnance Department to haul the Artillery matériel recom- 
mended by the Caliber Board. 

In the event the United States should be called on to par- 
ticipate in a war of any magnitude in the near future, it is 
anticipated that the Field Art‘llerv used during the first 
year would be that used during the World War and that it 
will be in large part motorized. The weights of this mateé- 
riel completely equipped, including the I'mber, are: 


Pounds. 


70 sam. Model 19616 U. S........-.............. - 4600 
75:mm. Freneh__---_-- = ST ee 4,200 
155 mm. Howitzer (Sehneider) _~_-_~ a eee: 
4.7 men Gan, M. 1906............ mereneane : ) ae 
8 inch Howitzer ( British)____________ _____. 22.000 
ipo mm. G, P. F....... Fe ee See ae 23.000 


For use with this matériel it is expected that there will 
be available 1,000 ten-ton and 2,500 five-ton tractors and if 
certain modifications now being tested prove successful, 
110 2%-ton tractors. 

As it is expected that these 3,600 odd tractors will al! be 
absorbed by the units of the Army available when war is 
declared, the Ordnance Department must study the possi- 
bility of providing an adequate supply of suitable tractors 
for training, replacements, and for equipping the motor- 
ized artillery units of an expanding army. As it is antici- 
pated that these demands will total approximately forty 
thousand for the first nine months, the inadequacy of the 
present reserve of tractors and the urgent need of diseov- 
ering possible sources of supply of tractors that ean be used 
for military purposes and obtained in sufficient quantities is 
apparent. The only substitutes available to fill this short- 
age are the commercial and agricultural tractors which may 
be in production in reasonable quantities and which even 
though they fall short of the desiderata of military tractors, 
are capable of helpful though restricted use with artillery. 
Such tractors, lacking the road speed desired for strate- 
gical movements, would still be useful for short hauls over 
bad ground near the scene of action. 

Of the present military tractors, the 5-ton has a maximum 
speed of 74 miles per hour and the 10-ton 6 miles per 
hour with drawbar pulls of 5,000 and 8,000 pounds at these 
speeds. The 244-ton tractor, model of 1918, though designed 
for higher speeds will, if returned to service, be limited to 
a speed of 74 miles per hour and will have a drawhar pull 
closely approximating that of the 5-ton tractor. 

The new tractors being developed by the Ordnance De- 
partment are to have a maximum speed of 12 miles per 
hour and to be able to maintain the same speed as a truck 
train over any road on which the truck train can operate. In 
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addition, they will be required to handle their normal loads 
eross-country over terrain impassable to wheeled vehicles. 
Another requirement is that changes of speed by shifting 
gears must be made without bringing the tractor to a stop. 

Army artillery will travel but short distances off roads. 
The Corps artillery may be required to travel considerable 
distance off roads, but time will generally be available to 
select routes more or less practicable, while the Division 
artillery will be expected to cross any terrain over which 
Infantry ean attack or defend. 

Tests made at Roek Island Arsenal indieate that th 
worst soil condition at that place, a sandy loam ‘n which 60 
inch artillery wheels sank about six inches, offered a resist- 
anee to traction on level ground of approximately 44 pound 
for each pound of weight of the wheeled vehicle. Such 
soil would, however, have but little effect on the power re- 
quired to move the tractor itself. 

In addition to the drawbar pull required on level ground, 
there will be required for ascending grades a drawbar pull 
equal to the product of the combined we'ght of the tractor and 
its towed load multiplied by the sine of the angle of the grade. 

The development of tractors to haul the new Division, 


Corps and Artillery matériel recommended by the Caliber 


Board, is proceeding satisfactorily. Three types of Divi- 
sion tractors, two’ designed by the Ordnance Department 
and one of commercial design, are now being tested at 
Aberdeen Proving Ground. An Army traetor designed by 
the Ordnance Department will be ready for test in a few 
weeks, and later in the year a Corps tractor, also of Ord- 
nane? design, will be completed. Even when satisfactory 
types are developed, it is certain that but a negligible num- 
ber will be built. Although production plans may be care- 
fully worked out and the jigs, fixtures, and gauges neces- 
sary for manufacture prepared, it must be at least nine 
months after a contract is placed before deliveries can com- 
menece and three to four months longer before full produe- 
tion ean be reached. 

With present facilities, the estimated commercial produec- 
tion of tracklaying tractors per year is approximately 
15,000, so it is evident that to obta‘n the 40,000 required in 
nine months it would be necessary to increase production 
and perhaps to use tracklaying tractors with front wheel 
steer and wheel tractors with or without tracklaying adapt- 
ers. The production capacity of the tracklaying tractors 
with front wheel steer is 15,000 per year, but about 80 per 
cent of this production is of a tractor with a normal draw- 
bar pull of less than 3,000 pounds. The production ea- 
pacity of the manufacturers of tracklaying adapters for 
wheel tractors is not known, but as they are comparatively 
simple it is believed that their production could be brought 
up to a very large figure in a comparatively short ‘t'me. 

The wheel tractors for which these adapters are built are 
now being produced at the rate of 200,000 per year. There 
is also a large production of wheel tractors of larger sizes 
than the one mentioned, one manufacturer alone producing 
50,000 per vear. 





























To give an idea of the characteristics of commercial trac- 

ws, a brief deseription of three tractors by different 
makers, each adapted to one type of artillery, will be given. 
Tracklaying tractors only are deseribed, as it is considered 
that they are the only type that can successfully meet the de- 
mands of actual battle conditions. There is also-added the 
description of a smaller tracklaying tractor which is just a 
trifle under the drawbar pull demanded for division tractor, 
but which might be used under certain favorable conditions. 

(A) A Commercial tractor considered suitable for Army 
Art‘llery of present design. Weight approximately 17,000 
141 


Three speeds forward, 1%, 2%,, and 4 miles 


pounds. It is inches long, 92 inches wide and 77 


inches high. 
per hour and one speed in reverse are provided. Drawbar 
pull at 1% miles per hour is 11,000 pounds. 
furnished by a 4-cylinder 6% x 8!» engine, running at 650 


Power is 


revolut-ons per minute. 

The truck frames are steel channels with the track roller 
pins secured to the bottom flange. Steel plate aprons ex- 
tending down to the tracks from either side of the frame 
keep stones and dirt from the track. Just in the rear ot 
the idler sprocket is a spring seat with a helical spring. 
The equal‘zing bar connecting the track frames rests on these 
springs and is pivoted on the body of the tractor at the center. 


The track shoes are built up. The links are drop-forged 


and heat-treated and the shoes are cast carbon steel. These 
shoes are cast with integral grousers. For work ‘on hard 
roads pressed steel plates are provided, covering the 


grousers edges and furnishing a smooth bearing: surface ot 
limited area. The sprockets of chrome steel, heat-treated, 
are driven by internal gears. 

The transmission and steering clutches are simple and 
rugged. All gears are cut from alloy steel and heat-treated. 
Accessibility has been carefully studied so all parts re- 
quiring adjustment can be reached generally with no more 
trouble than removing a cover. Pistons and 
rods can be removed through the ports in the crank case 
and the steering clutches, bevel gear adjustment, transmis- 


connecting 


son gears and main clutch can be examined and adjusted 
with a minimum of trouble. 
(B) A commercial tractor considered suitable for use with 











A Heavy Commercial Tractor considered suitable tor Use asan Army Tractor 
in an Emergency. 


Corps Artillery. This tractor is 125 inches long, 66 inches 
wide, 75 inches high and weighs cbout 8,500 pounds. Power 
is suppled by a)\4-cylinder 4%4 by 6 inch engine, running 
ai 950 r. p.m. | 


Three speeds forward, 1%, 21 


y. and 3% miles per hour, 
When tested at the 


and one speed in reverse are provided. 
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University of Nebraska this tractor developed 5,800 pounds 
drawbar pull at 1.3 miles per hour and 3,40) pounds at 
2.3 miles per hour. 

The track shoes are of manganese steel each provided 
with lugs or teeth which engage the teeth on the 
sprocket. Openings in the the teeth 
stones or dirt that may lodge in the track to eseape. 


two 


allow 


shoe between 











A Commercial Tractor with Characteristics suggesting its use as a Substi- 
tute Corps Artillery Tractor 


The dr've and idler sprockets have system of shrouding 
on opposite sides of alternate teeth to prevent derailment. 

Each truck frame carries three double rollers of rather 
large diameter which run in bearings attached to the truck 
frame. These bearings,similarto those of a railway car,have 
an oil reservoir that requires filling only at long intervals. 

The body of the tractor is supported by an axle which 
rests in the bearings near the center of each truck frame 
and by an equalizer bar between the truck frames at the 
The drawbar, constructed so as to prevent “jack- 
when descending grades with a towed load, is at- 


rear. 
knifing” 
tached to a crosspiece between the two truck frames to cor- 
rect tendency of the front of the tractor to lift when tow- 
ing a load and to make turning easier. 

The engine of this tractor is placed in the rear of the 
transmiss on, the latter being a separate unit. The drive 
from the transmission to the track sprockets is through 
roller chains on each side. The tractor is steered by plane- 
tary gears which give a m'nimum turning radius of 7% feet. 

(C) A commercial tractor considered suitable for hauling 
Divisional Artillery. The tractor described under this 
heading is a recent development. This type tractors have 
had, however, thorough tests and have performed to the 
satisfaction of the designers who are commencing produe- 
t'on on a small seale. From an engineering viewpoint this 
tractor is rather interesting and is believed to have suffi- 
cient worth to justify describing it here. 

This tractor, completely equipped, weighs 6,000 pounds. 
It is 118 inches long, 60 inches wide and 54 inches high. 
The ground pressure is 3.9 pounds per square inch. Power 
is furnished by a 4-eylinder 454 by 6% Stearnes engine 
which develops 49 horsepower at 975 revolutions per min- 
ute. Two speeds forward, 14, 2% and 
one speed in reverse are provided, but the designer 
that the tractor can be speeded up to 6 miles per 
without difficulty. 

The overall efficieney of this tractor from engine to draw- 
this 
drawbar horsepower, or drawbar pull of about 5,000 pounds 


; miles per hour, 
says 


hour 


bar is claimed to be 75 per cent: would give 36.7) 


at 254 méles per hour. 
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The track is built up. Drop-forged, heat-treated rails are 
secured to the pressed steel shoes by a bolt and dowels rivet- 
ed to the shoe. The track pins, which are free to revolve in 
the rails, are of hardened steel with a collar about 11% inches 
in diameter, integral with the pin at the center. These pins 
are placed ‘n position before the trails are bolted to the 

















A Recent Development suggested for Emergency Use asa Divisional Artil- 
lery Tractor 


track shoes. Each sprocket tooth when it comes in contact 
with the pin rotates the pin slightly; this rotation prevents 
the pin and the pinholes from wearing out of round. An 
opening at the center of each track shoe allows the escape of 
ice, dirt or other matter that m‘ght derail or break the track. 

The truck frames are of pressed steel channel section, 
pivoted on the driving sprocket axle and enelosing the front 
idler. T-shaped guides seeured near the front of the track 
frame, which engage in slots in brackets on the body of the 
tractor, prevent spreading of the track frames. The front 
end of the tractor is supported by an equalizer bar which 
turns on a pivot at the center and transfers the load to the 
truck frames through helical springs at either end. 

The three track rollers on each side are connected by 
equalizers wh'ch divide the load equally between the two 
helical springs shown. Side thrusts are taken on brackets 
secured to the truek frame. 

The drawbar pull is taken from the front end of the 
truck frames by wire cables which have sufficient resilieney 
to absorb shock. The rear ends of these cables are attached 
to a erosspiece on a strut, the front end of which bears in 
a ball and socket bearing on the tractor body and has a 
compression spring which keeps tension on the wire cables 
and acts as a buffer when the tow tends to overrun the 
tractor. The rear end of the drawbar is supported by 
chains secured to brackets on the body of the tractor. 

(D) There is a fourth type of tractor whose weight and 
drawbar pull are a little below the empirical limits set on 
these characteristics but which it is bel’eved would prove 
satisfactory except under the most adverse conditions. 

The tractor weighs approximately 4,000 pounds, is 103 
inches long, 52 inches high and 48 inches wide. The track 
shoes are 10 inches in width and with 51 inches of track 
in contact with the ground, the pressure is 4 pounds per 
square inch. The tractor is composed of but three units, the 
trucks with the track, the motor and the transmission. 

The track shoes are of east earbon steel, heat-treated. 
The pin hole in the shoes are fitted with a hardened steel 
bushing. On this bushing is a tempered spring steel roller, 
free to rotate. The pin which passes through the bushing 
has a square head and is held in place by a cotter pin 
through lugs in the shoes. 


‘ 





The truck frames are of pressed steel with an apron 
which is a part of the frame extending down close to the 
tracks to prevent dirt and rocks from getting into the track. 

The truck frame is secured to the traetor body by a link 
connecting it to an axle extending through the body. Be- 
tween the axle end of this link and the truck frame is a 
heavy rubber pad to prevent shock and damp vibration. 
When the track is loaded the body of the tractor is lifted 
relative to the truck by the toggle or “jack-knifing” action 
of the link, of which the center at the front or truck frame 
end is slightly lower than the center of the axle through 
the body. There are three cast-iron track rollers with 
chilled flanges in each frame. 

The transmission gears are of heat-treated alloy steel. 
The tracks are driven through steering clutches with brakes 
for quick turning. 

The final drive cases are completely closed except when 
the sprocket shafts pass through and this joint is made 
dust and water tight. All working parts are housed but 
readily accessible. 

The engine designed and bwilt by the Hall-Seott Co., 
has 4 cylinders, + by 5%, and runs at 1,100 revolutions per 
minute. It has an overhead camshaft of rather unique 
design in that both the inlet and exhaust valves are oper- 
ated, by means of wipers, by the same cam. 

This tractor has three speeds forward, viz, 24, 3, and 
5144 miles per hour, and reverse. Drawbar ‘pull at low 
speed is 2,600 pounds; at 2nd speed, 1,850, and at high 
speed 1,100 pounds. By increasing the speed of the engine, 
somewhat higher speeds may be maintained. One driver re- 
ports making a run of 38 miles in 6 hours over ordinary 
roads. A favorite stunt of demonstrators is to run this 
tractor off a truck, allowing it to drop to the ground. 

Tractors of this size ean be used where both the tractor and 
artillery can be hauled in trucks to points on roads as near 
as practicable to the seene of action, there unloaded, and the 
tractors used to haul the artillery to the seleeted pos‘tions. 

The true worth of any tractor for service with the artil- 
lery can only be determined by test. Such tests are made 
by the Ordnance Department—(a) to determine the limita- 
tions of the type when used for hauling artillery; (b) to 
obtain engineering data and (c) to obtain such information 
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This Commercial fractor would be found very useful for Divisional Artillery 
though Weight and Draw-bar Pull are less than are desirable 


as possible in a brief test as to the reliability and durability 
of tractors of the type tested. 

If this Ordnance Department test indicates that a tractor 
possesses sufficient merit, it is then issued to the using 
service, the Field Artillery, for a service test, and on the 
results of this test it is accepted or rejected. 
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The Ordnance Specialists Schoo 


By 


SAMUEL R. KIMBLE 


Member 


RIOR to the beginning of the late War, the training 

of Ordnance Enlisted Personnel for Maintenance 

Work had been considered only in a general sense; 
in fact, so little maintenance work on Ordnance matériel 
was performed by the enlisted personnel of the Ordnance 
Department that the need of such training was not fully 
ippreciated. However, the developments which occurred 
during and after the War brought about an entire revolu- 
tion in conditions which make such training 
Ordnance matériel has been increased in type and quan- 


necessar’ 


tity and the inerease in the number of types has been ear- 
ried to such an extent that specialized instruction has be 
come imperative. As a result of these changes, a study 
was made of the methods necessary to properly train men 
for maintenance work in the field and, while this study was 
not completed during the War, such progress was made 
that at the close of the War the Ordnance Department was 
possessed of a Special Service School, well equipped and 
well organized to carry on this work. Further study was 
necessary to adapt the organization and methods of train- 
ing to peace-time conditions and co-ordinate the objectives 
of the school with the actual need of the Maintenance 
sranch of the Field Service Division. 

The school was established at Raritan Arsenal and was 
known as the Ordnance Operation, Maintenance and Re- 
pair School. At the time of re-organization the name was 
changed to the Ordnance Specialists’ School, which desig- 
nation it now bears. 

The object of the Ordnance Specialists’ School is: 

(1) To train enlisted men of the Ordnance Department fo 
specialist ratings specified in the Tables of Organization. 
To train qualified specialists for the higher grades in 
the Ordnance Department non-commissioned staff. 

(3) To train such officers of the Ordnance Department as 


a) 


Le 


may be ordered to the School for instruction. 

(4) To train such officers and enlisted men of the Line or 
other branches of the Service as may be ordered to the 
School for instruction. 

(5) To train officers and enlisted men of the Reserve Corps 


and National Guard in accordance with opportunities 
which may be presented from time to time. 

The training of Ordnance Enlisted Personnel is along 
such lines as will best fit them for Ordnance Supply and 
Maintenance Work in the field and better enable them to 
take their proper positions in the Ordnance companies to 
which they are assigned. This training is not intended 
necessarily to fit a man for a position in civil life, but pri- 
marily to enable him to render better service to the Gov- 
ernment. If, however, at the same time, the soldier is able 
to fit himself for a better position, in ease he should desire 
to leave the service at the completion of his contract, every 
opportunity is presented for so doing. Under existing 
regulations the right of the Government to a just and fair 
return for the expenditure necessary in the instruction of 
the soldier is recognized. The requirements for entrance to 
all special service schools provide explicitly that the sol- 
dier must have at least one year to serve on his current 
enlistment after he would normally have completed the 


we 


A.QO.A 


course to which he is to be assigned. The policy of direct re- 
turn of the graduate to h's organization is one which is to be 
insisted upon, not only by the school authorities, but by 
the Office of the Chief of Ordnance, for only by the adop- 
tion of this poliey and the rigid adherence thereto can co- 
operation between the Organizat‘on Commander and the 
effected. It is believed that if an 
assured the student will be 
of the school 


authorities be 
Organization Commander is 
returned to his organization at the completion 
vear greater care will be exercised in selecting men for this 


school 


detail. 
Such training as it is contemplated to give an Ordnance 
officer at this school is with a view of specializing h*'m in 


the duties incident to the command of an Ordnance ¢om- 
pany. 
The training of enlisted men of the Line and other 


branches of the Service is along such lines as are laid down 
at the time of their assignment and in accordance with th 
wishes of the Chief of the Branch to which they belong. 
Special efforts are being made to familiarize such students 
with Ordnance systems and procedure and promote a sp*rit 
of co-operation between the Ordnance Department and 
the Line. 

The Commandant of the School is a Field Officer of the 


Ordnance Department and is directly responsible to the 
Chief of Ordnance, through the Chief of the Reeruiting and 
Training Section, for the general administration of the 


school. He is aided in this work by the Assistant Com- 
mandant who, under the supervision of the Commandant, is 
charged with the administration of all tra‘ning activities 
of the school within the seope and extent determined by the 
Faculty Board staff of qualified instructors, 
commissioned, enlisted and civilian. The enl‘sted members 
of the staff, with one exception, are all graduates of the 
school. The Faculty Board is made up of the Com- 
mandant, the Assistant Commandant, the Seeretary and the 
Directors of Departments. The this Board 
are two-fold: first it acts, in an adv'sory capacity only, on 
such matters relative to the school as may be referred to it 
by the Commandant; determines all matters 
relative to standing, rating or classification, proficiency or 
deficiency of students and, in matters of th's nature, the 
majority ruling of the Board is final. 

Students are ordered to the the 
posts in the eountry for courses of instruetion, upon the 
eompletion of which they are returned to their proper sta- 


and by a 


functions of 


second, ‘t 


schoool from various 


tion. 

The divided into three 
namely: Trades, Armament and Automotive. 

The Trades Department embodies the Machine Shop, 
Blacksmith’s Shop, Carpenter’s Shop, Electrical Shop, 
Sheet Metal Shop and Welding Shop. 

The Machine Shop is equipped with modern machinery 
of all types, includ'ng thirty 9-inch serew-cutting lathes, 
two 18-inch lathes, one 24-inch lathe, two 12-inch lathes, 
two 14-inch lathes, four 16-inch shapers, six Browns and 
Sharpe Universal Milling Machines, several types of inter- 


school is main departments, 
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nal and external grinders, heavy-duty Cine‘nnati milling 
machines, planers, shapers, radial and upright drill presses, 
an Olson testing machine and a complete equipment of 
small tools, jigs, calipers and measuring instruments. 

Most of this machinery ‘s operated with individual motor 
drive, although some of the larger machines are belt driven. 

In the blacksmith shop there are twenty forges for in- 
struction purposes, two heavy-duty forges with motor- 








Trades Department 


driven blowers, Bradley helve hammers, hardening furnaces 
and baths. An air compressor is installed with a capae'ty 
capable of furnishing compressed air to the entire building. 

The carpenter shop is furnished with a complete saw- 
mill, band saw, rip-and-cut-off-saw, planer, edger, lathe and 
a complete line of carpenters’ tools. 

The sheet metal shop has a complete line of sheet-metal 
working tools, both power and hand-operated. 

The Electrical Section ‘s equipped with electrical instru- 
ments and appliances of all descriptions necessary for in- 
struction purposes. This section is charged with the eare 
and maintenance of the electric machinery and installat‘on 
in the school building. This installation is considered a por- 
tion of the instruction matériel for this section. ; 

In the Welding Shop are five complete electric are weld- 
ing sets, one electric spot welder and sufficient gas welding 
equipment to accommodate all students who are assigned to 
that course. 

In the Trades Department men are taught to be Machin- 
ists, Machine Operators, Blacksmiths, Carpenters, Electri- 
cians, Toolmakers and Welders. 

The Mach‘nist Course gives the student a comprehensive 
idea of general work as applied to the needs of the En- 
listed Personnel of the Ordnance Department. He is in- 
structed in the actual use of machine and hand tools, their 
care and preservation, and in the use and operation of the 
equipment. Shop arithmetic and general lectures form 4 
part of the course. The extent of the train‘ng received in 


this course is as follows: 


Bench and Lathe Work. This subject covers the nomenela 
ture, care, use and preservation of tools. Lectures on these 
subjects are given and the student is required to do certain 
exercise work consisting of chipping, filing, surfacing and 
sawing, ete. 

Planer and Shaper Work. The various kinds of planer and 
shaper work, including keyway cutting, planing with dividing 
head and rack eutting come under this subject. Lectures are 
given on the different types of machines and their operation, 
and certain exercise work is required. 

Drill Press Work. At this point in the course lectures are 
given on the operation of the different drilling machines and 
equipment and the student is taught to lay out work and 





drill in various metals. A portion of the time is devoted to 
lectures on drilling and boring operations and particu 
stress is laid on the proper care of the equipment. 

Lathe Work. Considerable time is spent on this subi 
because it is believed that a thorough knowledge of lathe 
operation will form a foundation for success on other machines 
studied later in the course. The instruction work consists of 
lectures on the care and operation of the lathe and exercise 
work embodying all lathe operations such as rough turning, 
taper turning, thread cutting, drilling, boring, reaming and 
finishing. 

Villing Mael ‘ Work. In this elass of work a special 
study is made of the equipment and the classes of work 
which it will perform. Lectures are given and extensive exe: 
cise work such as laying out, drilling, reaming, plain milling, 
form milling as well as simple, differential and compound 
milling. 

Grinders. The major portion of the time on this subject is 
spent in the grinding of simple work to close limits in order 
that accuracy may be attained. 

Lectures are given on measuring instruments, as well as 
struction on tool-post grinders, internal and external grinders 
and tool grinders. 

During the latter part of this course the time is given over 
to general repair work. This is not a continuation of the 
work previously covered but is given with view of affording 
opportunity for the practical application of theories learned 
during the course. 

This course fits a student to handle machine work in a 
Maintenance Company. 


The Machine Operators’ Course is intended for cases 
where men do not have the necessary qualifications to make 
general machinists, whose time is limited or for cases 
where special qualifications are required. Instruction is 
given in the care of hand and machine tools in general, and 
those who complete this course are fitted for work on more 
or less of a production basis. 

The Blacksmith’s Course furnishes the necessary training 
to do blacksmith work incident to a Maintenance Com- 
pany. The structure of the various grades of steel is 
taught and instruction in forging, welding, tool-forming, 
hardening, brazing and the working of alloys is given. The 
extent of the training offered by this course is as follows: 


Forging and Forming of High and Low Carbon Steel. 
Lectures are given on the care of fires, and on the forging 
and forming of low medium and high earbon steels. Exercise 
work is furnished, consisting of drawing out rough stock, 
forming of hooks, bolts, nuts, rings, chain links, ete. 

Welding of Low Carbon Steel. Immediately following in- 
struction on the forging and forming of high and low carbon 
steel, lectures and exercise work in the preparation of stock 
and in the heating and welding of low carbon steel are 
given. Such work as welding rings, chain links, lap welds, 
butt welds, angle and tee welds are turned out. 

Toolmaking. In this course considerable time is devoted to 
the making of tools. The student is given lectures as well as 
demonstration and exercise work in the forming and temper 
ing of such tools as are used on lathes, shapers, boring 
mills, ete., and is taught to make chisels, punches, blacksmith 
tongs, hammers and other hand tools. 

Brazing. The instruction under this subject consists of 
lectures on the structure and properties of cast and malleable 
iron and exercise work in brazing in the forge. 

During the latter part of the course the time is devoted to 
repair work of a general nature. This supplies an opportunity 
for the practical application of the knowledge gained during 
the instruction period, and a point is made to handle some of 
the repairs which would be met with in a maintenance com 
pany in the field. 

The Tool Makers’ Course is intended for men who have 
already had the machine course described above. Stu 
dents are given lectures on the care and use of precision 
instruments and their use in connection with bench work 
where they are required to generate base plates, angles. 
ete. They are given instructions in precision lathe and 
milling work, gig, d*e and fixture work and in the forging, 
hardening and tempering of tools. 
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In the Welders’ Course instruction is given on operations 


ith gas and electricity. Subjeets covered are as follows: 


Ory-Acetylene Weld i. Instruction is given on the nomen 
lature and use of the apparatus. Composition and structure 
ot the different metals is covered by lectures and exereise 
vork is given in welding, brazing, soldering and sweating. 


\t the completion of this portion of the course, instruction is 
given in preheating, and its effects, the welding of preheated 
castings of various kinds, and the operation of the cutting 
torch. Practice work in cutting is given for the application 
of the principles learned in the lecture and instruction work. 

Electric Welding. This subject embodies lectures on the 
operation and construction of electric welding apparatus, in- 
struction in the uses of the various pieces of apparatus and 
practical exercise work in are, spot and butt welding both 
simple and preheaied. 

During the latter part of this course an opportunity is af 
forded by general repair work for practical application of th 
knowledge gained during the course. 

Upon graduation from this course a man is considered 
fitted to handle the welding work which would ordinarily be 
met with in a Maintenance Company. . 


The Woodworking Course gives a working knowledge of 
general carpentry as applied to the needs of the Service. 
It is not the intention to make a finished carpenter or cabi- 
net maker but merely to fit the studenc for the minor ear- 
penter work, general repairing and limited amount of fram- 
ing work incident to the Service. The scope of th's course 


1S* 


Benchwork. Instruction in the proper use of hand tools, es 
pecially those used in sawing, planing, boring and mortising, is 
given and attention is called to the methods of selecting and 
sharpening tools. Lectures are given and exercise work is ré 
quired which calls for the use of common bench tools. 

Turning. When the student has completed the instruction 
work prescribed under the subject of benchwork, he is able to 
undertake woodturning of various kinds. Lectures are given 
on the care and operation of lathes and the turning out of 
various types of work. Exercises required inelude turning be 
tween centers, face plate work and polishing. 

Framing. In connection with this course lectures on th 
construction of buildings and the cutting of sills, studding 
and rafters are given. Sections of buildings are actually con 


+} 


} ; 
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structed and it is possible to put into actual applic 
theories gathered from the lectures. 

Cabinet-making. At this point in the course, if it is consid 
ered that the student has made considerable headway and 
gained a fair knowledge of general carpenter work, some exer 
eise work in ¢abinet-making is given, the chief aim being to 
teach him to make joints and fitments which are not covered 
in general carpenter work. Lectures are given in cabinet-mak 


ing and woodearving. 


At the close of the course an opportunity is viven tol 
getting some general experience in all kinds of woodwork 
ing by setting up frame work, applying inside and outside 
finish, hanging and fitting doors and windows and making 
furniture. 

The Eleetr’cian’s Course is laid out with a view to pre 
paring a man to take charge of the maintenance of Ord 
nance electrical equipment in the field. The instruct*on 
given is such that he will become proficient in the prac 
tical electrical work necessary on the various pieces of 
equipment of a Maintenance Company. This course covers 


the following subjects: 


Elementary Electricity and Magnetism. The time spent on 
this subject is devoted to the study of elements of magnetism, 
eleetrie currents, laws and rules governing the elements of mag 
netism and eleetric currents, 

Simple Direct Currents. The study of this subject consists 
of lectures on simple direct currents and problems in which 
practical application of the rules and laws explained in the 
lectures is necessary. 

Complex Direct Currents. Lectures and problems are given 
involving rules pertaining to complex direct currents. The 
practical work consists of making connections for circuits. 


} i ga for Light and J Lectures are give! 
n the nstallation of wire, wiring tables and tl figuring of 
ire sizes. The major part of t! me is spent in actual work 
re experience is gained in doing wiring of a kinds for 
ght and powe1 
D. C. Generators. In the stud f generators considerabl 
time is spent in the study of the construction and wiring of 
the different types of generators, power required for opera 
tion, output and care. Sufficient time is spent to teach the 








Armament Department. Range Work. 


proper method of detecting short ¢ireuits, grounds, open cir- 
cuits and other similar troubles. 

D. C. Motors. As the basis instruction on this subject is 
similar to that on D, C. Generators the work will be along prac- 
tical lines—location of motor troubles, general operation and 
speed. 

Switchboards. Lectures are given on the construction and 
wiring of Boards for power plants, storage batteries and mo- 
tors. Blueprints are furnished and actual experience is gained 
in the erection and connection of various types of boards, 

Measuring Instruments. At this point in the course, the 
student is capable of undertaking the study of various kinds of 
measuring instruments which involve the voltmeter, ammeter, 
wattmeter and testing sets. Instruction work includes the op- 
eration of these instruments and their connection with circuits. 

The Armament Department includes the Artillery See- 
tion. Small Arms and Machine Gun Section, Leatherworkers 
Section and Explosive Section. 

In the Art'llery Section will be found a sample of a 
complete machine shop, mounted on trucks and trailers, for 
use in the field, as well as all classes of Artillery from the 
3-inch Trench Mortar to the 8-inch Howitzer, ineluding all 
accompanying vehicles and sighting equipment. 

The Small Arms and Machine Gun Sect*on is equipped 
with a considerable number of each type of Machine Gun 


in use in the Serviee, as well as a number of foreign and 


ybsolete types of arms and equipment which have been as 
=e mbled lor the School Museum. 

In the Leatherworkers Section will be found all classes 
ot leatherworking tools necessary for the instruction of 
students 'n maintenance work on leather equipment used in 
the Serviee, also with power and hand operated sewing 


machines of the types issued to the Ordnance Department. 


1? 


In the Explosive Section there are samples of all types of 
shot and shell, fixed ammunition, sectionalized fuzes, prim- 
ers and other explosive matériel. 

In the Armament Department men are trained as Art:l- 
lery Mechanics, Small Arms and Machine Gun Armorers, 
Leatherworkers and Explosive Specialists. 

The Artillery Mechanies Course furnished training in Ar 
tillery and Trench Warfare Matériel, ropes, rigging and 
tackle so that the student can suecessfully handle this type 
ot work in the field. General leetures and detailed instrue 
tion are given on nomenclature. dismounting, assembling 
and the functions of the various mechanisms. 

A part of the time allotted to this course is spent in the 
Machine and Welding Shops where instruction in element- 


ary bench work, tap and die work, drill press work, lathe, 
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milling machine and grinder work is given—this with a view 
to giving the student the knowledge necessary to enable him 
to handle tools and operate the equipment necessary for 
the maintenance and repair of Artillery matériel. Sut- 
ficient instruction in welding is given, along the lines of 
brazing, soldering and sweating, to cover all repairs of this 
nature which would ordinarily be met with on Artil’ery 











Automotive Department. 


matériel in the field. Other subjects covered in this course 
are: 

Ropes, Rigging and Tackle... Particular important is attached 
to this part of the instruction because of the necessity of a 
thorough knowledge of the maintenance of rigging and tackle 
and the ability to tie the various knots prescribed in the Service. 

Guns, Howitzers and Mortars. Lectures on the history, 
theory of development in construction, and the purposes and 
uses of the different classes and types of Artillery materiel 
are given; also instruction on guns, howitzers, mortars and 
carriages. In this way a general knowledge is acquired of all 
‘lasses of artillery, their nomenclature, action, construction and 
maintenance. 

Battery-Accompanying Vehicles. Special instruction — is 
given on the location of the equipment of each truck and ve 
hicle. While these vehicles are a part of Artillery materiel 
and are treated under that subject their nomenclature, con 
struction, equipment and maintenance are treated separately, 
by way of intensive instruction, at this point in the course. 

Fire Control Instruments, Nomenclature of the principal parts 
of the instruments is the main point to be emphasized under this 
subject. The function and adjustment of the pieces is learned 
by practical application of certain instruments in the field. 

Artillery Repair Truck. The time on this subject is devoted to 
a study of the capacity of the shop rather than its operation. 


A certain portion of the course ‘s given over to actual 
field experience. Different units of matériel are taken into 
the field and the student is required to construct gins, 
shears or spars for dismounting the guns or other pieces of 
matériel. The student is requ'red to prepare, put in posi- 
tion and use the tackle required for this work. This part 
of the work is given very careful consideration as the suc- 
cess of a first class specialist depends, to a great extent, 
upon his ability to construct the necessary apparatus and 
upon h‘s accuracy in using it. 

In the Explosive Section an opportunity is afforded for 
learning the classification, physical properties and identi- 
fication of ammunition and explosives used ‘n the Service. 

The Small Arms and Machine Gun Armorers Course is 
given on the development of the various models of Small 
Arms and Machine Guns in general and particularly those 
now in use in the Service, together with the‘r equipment. 
Detailed instruction is given on the operation and mechan- 
ism of the different arms adopted by the Service, this with 
view to fitting the student for handling the maintenance 
and repair work on all standard guns and equipment. 

A portion of the time laid out for this course is spent in 
the Machine and Welding Shops, where instruction is given 


in elementary bench work, chipping, filing, hand drilling, 
peening, tap and die work, lathe and drill press work, ete. 
In the Welding Shop general ‘nstruction is given in Weld- 
ing, Brazing and Soldering. Other subjects covered in this 
ecurse are: 

Machine Gun Carts and Equipme nt. This subject covers de 
tailed instruction on the arms now in use in the Serivee in 
cluding nomenclature, assembly, disassembly, action, stop 
pages and malfunctions, This instruction affords a thorough 
knowledge of the operation and function of the guns so that 
the finished specialist is able to handle field repairs and reduce 
to a minimum stoppages and malfunctions. Instruction is 
given on the maintenance and care of Guan Carts and their 
equipment with a view to giving the student a working know! 
edge of these pieces which will enable him to make any ordi 
nary repairs in the field. 

Small Arms, Hand Arms, and Equipment. General instrue 
tion is given on this material and is later followed by detailed 
struction of their adoption by the Service. Comparison with 
obsolete pieces is made which shows the change in develop 
ment, construction, rate of fire, and muzzle velocity. 

37 mm. Gun, Carriage and Equipment. Instruction on this 
gun is given in detail. It ineludes dismounting and complete 
disassembling of the piece with its carriage and recoil mechan- 


ism as well as the nomenclature and action of the piece. 


The range work connected with this course is very im- 
portant. The student operates the various guns and is 
given immediate action practice to make him quickwitted 
and aeceurate in his decisions concerning the action of the 
gun. This practice on the range is given at three different 
times in the course, the time of practice being determ'ned 
by the ground covered and material studied. 

At the end of the course an opportunity is given for the 
practical application of the knowledge gained by actual re- 
pair work on unserviceable guns of different models—clean- 
ing, repairing and preparing them for service or for storage. 

The Leatherworker Course gives instruction in laying 
out, cutting, finishing and repairing leather material used 
in the Service. Repair work on canvas and web is touched 
on in a general way. 

A certain portion of the time is spent on a general study 
of leather and particularly its manufacture, tann‘ng and 
grading. Instruction is given in the preservation of leather 
and particular stress is given, at this point, to seeing that 
the student realizes the ‘mportance of this subject. Pre- 
paration of leather for storage, the conditions under which 
it should be stored and field conditions are covered in detail. 

A study is then made of the nomenclature, care and pre- 
servation of all tools and equipment necessary to a leather 
worker. 

Economy in cutting, care ‘n stitching, and special atten- 
tion to the size and position of stitches is taught. 

At the end of the course a short veriod is spent in learn- 
ing the nomenclature, adjustment, operation, care and pre- 
servation of the standard makes of sewing mach'‘nes, both 
hand and power operated. which are used for machine work. 

The Automotive Department embodies the Automobile 
Section and the Tractor Section. It is equipped with all 
types of motor vehicles, tanks, tractors, ete., that are used 
in the Service at the present t'me. ineluding the most re- 
eont developments of this tvpe of matériel; a complete line 
of small tools for the use of students in this department 
and also a complete I'ne of all special tools peculiar to the 
matériel in this department. Electric and water dynamo- 
meters are installed for testing motors on the block. 

In this Department men are trained in the maintenance 
and eare of motor equ'pment. including the tanks, tractors 
and self-propelled gun mounts used in the Service. 

In the Auto Mechanie Course, instruction is given in the 
underlying principles of the operation and maintenance of 




















automobiles and motor trucks. This course fits a man for 
ma'ntenance and general repair work. The early weeks of 
the course are spent in the Machine, Forge and Welding 
Shops where instruction is given in elementary bench and 
machine work on ordinary welding, forging, hardening and 
tempering, and in the weld'ng shop general instruction on 
gas and electric welding is given with a view to teaching the 
kinds of welding work that can be done suceessfully. The 
extent of the training received in th's course is as follows: 
Lectures are given on automotives in 
general, spring suspensions, transmissions, axles and steering 
well as practical work on the dismantling of chassis 
on the different vehicles in use in the service. 


Chassis Asst mbly. 


gears, as 


Motors. This subject is covered by a series of lectures on 
engines of all types in general and gasoline engines in par 
ticular. Practical work consists of observation and work on 
Holt, Buda, Wisconsin, Packard, Dodge, Ford, Cadillae and 


Liberty motors. The development of the gasoline is covered, 
as well as the important points on valves, valve-timing, and 
lubricating systems. 

Carburetors. In covering this subject, attention is paid 
more to the construction, design and principles of operation of 
the different types than to the running and adjustment. In 
tensive instruction is given on pressure, gravity, and vacuum, 
and gasoline feed systems. 

Instruction on ignition is first given in a general way and 
the more important details of ignition systems are taken up 
by means of sectionalized equipment. Lectures given on 
the elements of electricity and induction as applied to igni 
tions and practical work is given in tearing down and re-as 
sembling magnetos and other electrieal units. 

Starting and Lighting The instruction given is 
general so that the student becomes acquainted with the prin 
ciples of the systems and is able to loeate points of weakness 
and causes of failures which most frequently oceur. Practical 
work is given in setting up and operating typical systems on 
bench and car. Tests are made for grounds, short circuits, ete. 

Storage Batteries. Instruction is given on the storage bat 
tery cell and the elementary chemistry of action. Demonstra 


are 


Systems. 


tion and practice work is given with a view to showing how 
to recharge batteries, the evils of over and under-charging 


or charging at too high a rate. Batteries of different 


are dismantled and assembled. 


ty pes 


General repair work gives opportunity for the applica- 


tion of knowledge gained during the course. Driving in 


struction offers a chance to ga‘n experience in remedying 
the common road troubles, driving according to traftie regu- 
lation and in convoy. 

In the Tractor Mechanie Course, instruction is given in 
the care, repair, operation and maintenance of tractors in 
general, and particularly those used in the Service. A part 
of the time in the early part of the course is spent in the 
machine shop where instruction is given on the names and 
uses of tools, both bench and machine, common to tractor 
work. In the Forge Shop the student gets a working 
knowledge of ordinary forging, welding, hardening and 
tempering. In the welding section general instruction on 
simple welding is given and the kinds of work that ean be 
done most successfully are po‘nted out. Other subjects 
covered in this course are: 

Frame Assembly. Instruction is given on frame assemblies 
and especially on the requirements for weight, strength and 
durability. The absence of delicate adjustments and other 
features which might cause failure or delay are especially 
noted as not common to tractors. Practical work is given which 
consists in dismantling the various models and in the ability 
to identify the features of construction, and the proper se 
quence of dismantling in the shops and field. 

Engines. This subject is taken up by a series of lectures 
on engines in general and gasoline engines in particular, as 
well as valve-timing and lubrication. Practical work is given 
on Holt, Packard, Dodge, Ford and Liberty motors—stress 


being placed on lubricating and valve-timing. 
is given on 


Carburetors. Instruction the construction, de 
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sign and principles of operation of the different types of car 
buretors, rather than on the running and adjustment. Expla 
is made of pressure, gravity and vacuum, and gasoline 


systems. 


nation 
feed 

Ignition. This subject is first handled in a 
and the more important details are taken up by means of see 
tionalized equipment. Lectures are given on the elements of 
electricity and induction as applied to ignition systems, Prae 
tical work is furnished in the tearing down and reassembling 
of magnetos and other units. 


general way 


The latter part of the course is devoted to repair work in 
the field where the student gets an opportunity for actual 
application of the knowledge gained during the instruction 
periods. 

For advaneed specialists, opportunity is afforded for one 
to qualify as a Toolmaker, or for the Depot, Ammunition 
or Maintenance Companies. In the Advanced Specialist 
Courses it is the policy to admit only graduates of one or 
more of the Specialist courses described above, or men hav- 
ing equivalent qualifications. While cover 
similar subjects they are treated from the standpoint of 


these courses 
theory rather than practice. 

Military Instruction is given to the entire Student body 
of the School. This instruetion Order 
Drill, ineluding Manual of Arms, School of the Company, 
Bayonet Drill, Small Arms Target Practice, Lectures and 
Study covering customs and courtesies of the Service, as 


eonsists of Close 


well as Army and Ordnance Regulations. 

Academie Arithmetic, Algebra, 
Grammar and Spelling for the Specialist Courses and Al- 
vebra, Plain and Solid Geometry, Elementary Physies and 
Trigonometry for the Advanced Specialist Courses is re- 
quired of all students who pursue the regularly preseribed 


Instruction consisting of 


course in any subject. 

Regular courses extend from September 1st to June 30th. 
However, Special Courses, for periods of weeks or months 
or for lesser period than the length of time regularly pre- 
seribed, can be arranged for special types of work or for 
emergencies which occur from time to time. 

All students who successfully complete a course of in- 
struction are g'ven a Certificate of Proficiency. 

This School was established at an outlay of approximate- 
ly $3,500,000, and today stands as one of the best equipped 
institutions of its kind in the Country. It offers unlim- 
ited opportunities for learning a trade or completing an 
education. 

Experience during the World War showed the great de- 
sirability of centralizing the work of training enlisted men 
for the Ordnance Department, both in time of peace and in 
war. It is not only much more economical in money and 
in effort but also very beneficial from the psychological 
standpoint. The element of competition can be introduced 
to greater effect and individuals who are lagging behind 
can be segregated for special training to greater advantage. 

The somewhat central position of Raritan Arsenal rela- 
tive to the industrial sections of the country renders it the 
logical place for carrying on this work. It would be im- 
possible to find a place with better transportation facilities 
both by rail and water. 

It is the intention of the Department to continue the de- 
velopment of the Ordnance Specialists School along the 
lines already laid down, keeping it abreast of the best sim- 
ilar civilian institutions. It ean be rapidly expanded in 
the event of war and in such emergency will become the 
centre to which promising recruits will be sent from the 
country at large and from which trained enl'sted Ordnanee 
specialists will be supplied to the Army both individually 
and by organizations. 











The Problem of Exterior Ballistics 


By 


ALBERT A. BENNETT 


HE art of applied exterior ballistics has flourished 

from earliest times. The boulders which rolled down 

the mountainsides to crush strangers or hostile ma- 
rauders as they traversed narrow passes are the historical 
prototype of the modern airplane drop bomb. (See Plate, 
Fig. 6.) 

The smooth pebble, hurled at the approaching figure of 
an opponent, was chosen for its high density; and its point 
of impact was selected with all the skill available. The 
keen-pointed javelin was designed in partly “stream line” 
form, and given an acute “ogival” angle to secure the maxi- 
mum penetration. The initial velocity in every case was 
made as high as the warrior’s good right arm could de- 
liver it. 

Exterior ballistics deals with the path of the projectile in 
air, and is not primarily concerned with the original source 
ot energy, or the manner in which this energy is imparted 
to the projectile. Ballistically, except in the magnitude of 
the quantities involved, there are few distinctions to be 
drawn among the following: The stone flung by hand, the 
pebble thrown by sling, the boulder fired by cannon, or the 
pea of the pea shooter and the ball of the old-fashioned 
musket. 

The javelin, arrow, cross-bow bolt, blow dart, modern 
elongated shell all have much in common. (See Figs. 1-10.) 
The principal new element in exterior ballistics is the spin 
of the projectile, resulting in increased stability and thus 
preserving head-on motion. (See Plate, Figs. 12, 13.) 

From shadowy antiquity warriors have distinguished for 
practical purposes between the flat trajectory of “direct 
fire,” where the projectile traces approximately a straight 
line, and the eases of higher angles of departure. For 
ranges too great to be attained at the given velocity and 
with the given projectile by methods of flat fire, one had 
only to aim upward and count on the projectile finally 
falling downward aga‘n. The eld ballisticians distinguished 
three parts of the path as suggested by the figure on Plate, 
Fig. 14. The first part, AB, they regarded as straight. 
Later, at B, the projectile was supposed to start curving 
down on an are of a cirele, BC, and finally at C the path, 
they thought, straightened out until it reached D, the point 
of impact. This theory was entirely adequate for securing 
hits and measuring clearances, such as when firing over a 
heavy battlemented stone wall into the courtyard within. 

Such was the state of things when theorists first began 
reducing laws of motion to mathematical form. The ease in 
which one ignores the retardation of the projectile ocea- 
sioned by air resistance was completely solved by Galileo 
on the basis of laws verified by dropping balls from the 
leaning baptistery tower at Pisa. Balls of different sizes 
were dropped together. While, according to Aristotle, the 
time of fall should be inversely proportional to the weight, 
Galileo demonstrated that the time was nearly the same 
for great differences in size and weight. 

The case in which air resistance is disregarded was much 


more important formerly than now, since in the first place, 
our present muzzle velocities are so great as to result in 
quite violent resistance by the air to the forward motion 
of the projectile; and in the second place, the inereased 
mechanical accuracy of our equipment renders a moderate 
percentage error due to computational methods no longer 
tolerable. See Plate, Figs. 15-17. 

Treating the trajectory as a problem in the mechanies of 
a particle moving through a resisting medium, one is led 
to write down certain relations involving such quantities as 

EXPLANATION OF PLATE 

1. Javelin head; brass. 

2. Arrow head; stone. 


3. Cross-bow bolt; iron. 

4. Malay blow-dart; a, wood; b, paper. 

5. Modern small arm projectile; cupro-nickel jacket, lead 
core. 

6. Air-plane Drop Bomb. These appear much like torpedoes, 
but have no propulsive or steering device; a, fuze, to explode 
on impact; 6b, cigar-shaped body, containing explosives; ec, 
fins, to direct and steady the flight. 

7. Projectile head, for penetrating armor. 
large calibers. 

8. 9. Types of projectiles fired in earlier experiments, 


Obsolete for 


10. Modern type of projectile. 

11. Section of modern armor-piercing projectile; a, air 
space; b, wind-shield, to give better air penetration ; c, armor 
plercing cap; d, projectile proper; @, explosive. 

12. Spinning Top (Asiatic model); a, iron ring to increase 
moment of rotation. Gravity is the upsetting foree counter 
balanced by gyroscopic action and the friction at the peg. 
The theory of the top applies also to the rotating projectile. 
See next figure. 

13. Rotating Projectile: a, direetion of air resistanee; b, 
‘*rotating band,’’ which engages in the rifling, and gives the 
projectile the proper spin. Air resistance is the upsetting 
foree, counterbalanced by gyroscopie action and ‘‘skin frie 
tion.’’ 

14. Early idea of a trajectory. AB and CD are straight. 
BC is a cireular are. 

15. Trajectory of .30 ealiber bullet. Compare with Fig. 17. 
For the small caliber projectiles the maximum altitude at 


tained is not sufficient to decrease the air density greatly. The 
higher the angle of elevation, the longer the projectile is in 
the air and subject to retardation. At something less than 


thirty degrees, the gain in range which would result in a 
vacuum by increasing the elevation is, in the air, counter 
balanced by the increase in retardation due to longer time of 
flight. The Siacci methods applied to pistol fire gives quite 
ridiculously exaggerated values for the maximum range. 

16. Comparison: Trajectories for same 3-inch projectile 
and same velocity, in air and in vacuum. 

17. Trajectory of German ‘‘75-mile gun.’’ The projectile, 
getting through the denser lower air at the most advantageous 
angle, traverses the rarer air under conditions more like those 
in a vacuum. The air density at the summit is only 1/150 of 
that at the surface. The projectile thus secures a greater 
range than it would if fired at 45 degrees, as it would then 
have to spend more time in the denser levels. 
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the velocities, accelerations, forces, masses, ete., which are 
involved. These may be said to be the differential equatians 
of motion for the projectile. Certain simplifying assump- 
tions are always made. The more factors that are ignored 
the simpler becomes the theory, but the greater becomes the 
divergence between computations and observations. Sim- 
plifications in the equations become unjustifiable in propor- 
tion as matériel is improved and increased accuracy of fire 
beeomes possible. The extreme simplification of ignoring 
air resistance was long ago admitted to be unsatisfactory 
for artillery fire, and is now made only for illustrative 
purposes or in elementary texts on mathematics and me- 
chanies. 

The comparative Figure 16 suggests some of the rela- 
tions between what a certain 3-ineh projectile actually 
does and what it would do if there were no air resistance. 
For the trajectory in air: 


(a) The range is considerably shorter than that otf the 
trajectory in vacuo. 

(b) -The maximum ordinate is less. 

(ce) The trajectory is not svmmetreal. 

(d) The angle of fall is greater than the angle of de- 
parture. 

(e) The maximum ordinate is bevond the mid-point of 
the range. 

(f) The velocity at any point in the descending branch 
is less than the velocity at the point of equal height 
in the ascending branch. In particular, the terminal 
velocity is less than the muzzle velocity. 

(g) The trajectory is not a plane curve. 

Previous to the World War the theory of ballisties was of 
approximately the same form in all countries. Which sim- 
plifieations were to be regarded as satisfactory and which 
were not was a matter on which a practical agreement ex- 
isted among most ballisticians. The mathematical methods 
used were those developed with great 
Italian ballistician, Siaeci, and further extended by Colonel 
Ingalls of our service, and were based chiefly on experi- 
ments conducted by the Krupps at Meppen in Germany, 
reduced by a Russian general, Mayevski, to equational 
Minor improvements and differences oceurred in 


ingenuity by an 


form. 
the various nations in their local methods, as was t> be ex- 
In this eountry such improvements were due in 


peeled. 
S. Coast Artil- 


large measure to Colonel Hamilton of the U. 
lery. 

Now. Siaeci’s whole point of view was to make use, to as 
great an extent as would be convenient, of the fact that the 
computations were intended for direct fire. He sueceeded 
in what had been considered a hopeless task—that of con- 
structing tables of small size well adapted to solving the 
whole ballistic problem for fire with guns which only in 
extreme cases were aimed as high as fifteen degrees above 
the horizontal. It was a cons‘derable shock to such artillery- 
men as had been taught to aecept Siacci’s method without 
question when the newer models of powerful guns began to 
be used at higher elevations, and marked discrepancies be- 
gan to appear between theory and observation. A spher- 
ieal shell, such as was used in our Civil War, had a re- 
sistance nearly three times as great as the older ogival types 
(see Fig. 7, 8, 9) and about five times that of the mod- 
ern boat-tailed, sharp-pointed type for the same caliber. 
(See Fig. 10.) It must be clear, then, that approximate 


methods which might be ‘satisfactory with the earlier pro- 
jectiles, would be disastrous with modern gun-fire. 
By 1916, new methods were in use in France and in Eng- 


land to cover with aceuracy these new types of trajectories. 
More or less complete ignorance of these methods persisted 
here until we were fairly into the war and until confiden- 
tial pamphlets and reports treating of French and British 
methods began to be available in Washington. Although 
we were thus handicapped by a late start, it was but a 
short time before direct numerical interpretation of equa- 
tions without two of Siacci’s simplifying assumptions was 
part of the ballistic routine. One of these simplifications 
which was avoided made use of the fact that the curvature 
of the path was slight and a second that the density of the 
air could be regarded as having a mean constant value for 
the whole trajectory. 

Despite the great serviceability of Siacci’s method for 
the problem for which it was designed, it was obviously in- 
For example, to cite but one feature, 
usually 


exact at long ranges. 

form of the 
vielded maximum ranges at 45 degrees elevation in all eases, 
The maximum 


Siaeci's equations, as employed, 
just as is the fact for firing in a vacuum. 
range for the German long range gun was for about 55 de- 
17), while that for a Springfield 
rifle is something under 30 degrees. (See Fig. 15.) 

The matter of air density is one of importance. At 
eighteen and a half kilometers, the air is only one-tenth as 
dense as at the ground and a projectile goes through the air 
ten times as easily. This is at about eleven and a half miles 
up. While this altitude is entirely out of the question for 
human pilots in balloon ascents or in airplane flights, the 
The German 


greeseelevation (see Fg. 


projectile of the near future will exceed it. 
long range gun sent its projectile twenty-five miles up into 
the air, at which height the density of the air is only 1/150 
ot that at the surface; and this not with any attempt at an 
altitude record but merely to seeure long ranges. Obser- 
vations of temperature and pressure by means of self-re- 
cording instruments have been made even to heights like 
this. 

The finest example of motion subjeet to complicated laws 
but solved in practical form by the use of “higher” mathe- 
maties is that of the heavenly bodies within our solar sys- 
tem. Here again we have as a first approximation, in the 
case of the moon, motion in a conie section about the earth 
as one focus. Except for illustrative purposes, the dis- 
turbing attraction of the sun eannot be ignored, and al- 
though resistance in the ordinary sense does not exist, the 
mathematical problem is essent‘ally analogous to that of the 
projectile in air. One is seareely surprised therefore to 
learn that the 
gested by recently current methods in astronomical eompu- 


methods now used in ballistics were sug- 
tations. They were first pushed through in this country by 
Prof. F. R. Moulton, Professor of Astronomy in the Uni- 
versity of Chieago, while he was serving ‘with the Ordnance 
Department during the recent war. 

One of the larger undertakings at present under way by 
Staff is the tables for ex- 
ballisties these The 
work is not simple and the tables will be necessarily very 
It is to be expected, however, that something like 


the Technical construction of 


terior using astronomical methods. 
large. 
astronomical accuracy may be secured by their use pro- 
vided that corresponding improvement in matériel is sus- 
tained. Such aceuracy as that with which eclipses may be 
predicted is perhaps permanently beyond all possible at- 
tainments of artillery, but the comets need searcely be re- 
garded as more definite in their path than a well-behaved 
projectile. If a more or less permanent becomes 
probable, and target practice with major caliber artillery 
continues to increase in cort, the trajectory of a large pro- 


peace 


jeetile may become as rare but as dependable a phenomenon 
as a reappearance of Halley’s Comet. 
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following are extracts from the report « the 
Par. 142 


1918 (frequently 


HE 
Board of 
Orders No. 289-O, War Department 
referred to as the Westervelt or Caliber Board Program 


special 


Otheers appornte d by 


‘The consensus of opinior ol rtilery omeers ts tl he div 
artillery missions are best fulfilled by I field g 1 vv 
field howitzer having a range of at least 11,00 vards 
many instances where the terrain offers such prot ol far 
that the field gun cannot bring an effective fire rhe er 1 
the great advantage that with a proper set of prope ! y nd 
therefore, a choice of trajectories for the same range protected 
tions can be chosen for howitzers that gut ild no 1 d ngle 
of fall on objectives obtained that the norma mmunitior guns 
would not give The low muzzle velocity of he tzers admits of thei 
almost continuous use in harassing fire and alk he 1 pre 
ectile double the weight of that of the fi Id gut Sucl ho tz 
renders excellent service in wire itting and is a useful projector of 


ill divisiona 


gas shells To insure the mobility required of ery 
the weight of the howitzer and carriage should not exceed that of the 
fieid gun and carriage or about 4,500 Ibs The German and Austria 
armies were equi] ped with a howitzer of the light field 1M t} 
weapon had a caliber of 105 mm firing projectile weighing 34.54 
Ibs. at a maximum range of 10,500 yards (stream line } rt 


weight of the howitzer limbered was 4,500 Ibs 


The 105 mm. howitzer Model 1920 MII and the 105 mm. 
howitzer carriage, Model 1921, were designed to cover the 
Model 1920, is 


above requirements. The carriage limber, 


used with this matériel. 
The general characteristics of this matériel as compared 


with 105 mm. howitzer carriage, Model of 1898-09 (Ger- 


man), are as follows: 
105 mm. Matériel 105 mm. Matéris 
(United States (Germat 
Total 
inches 99 045 
Weight of howitzer and _ breech 


overall length of howitzer 


mechanism, pounds 1.025 175 
Muzzle velocity maximum, foot 

seconds 1.500 1,4 
Weight of shell, pounds 33 4.4 
Zones of fire 5 
Range, maximum, yards 12,000 11m 
Weight of carriage (only pounds 1,943 7 
Weight of limber without men, 

pounds 1,036 7 
Weight behind team, pounds 4,004 9,115 
Weight of lunette, limbered, 

pounds 98 17 
Width of track, inches 60 61 
Diameter of wheels, inches 18 is 
Tires solid rubber A stee 
Traverse, total degrees = : 4 
Elevation, total oto + 52 307" i 4 
Length of recoil, inches 5 51 
Range, supercharge, vards 12.000 
Range, Ist zone, yards 2 750-3.900 
Range, 2nd zone, yards 4.300-6.200 
Range, 3rd zone, yards 5.650-8,.100 
Range, 4th zone, y irds 6,.700-9,500 


Note: *26 rounds of ammunition in limber 


DESCRIPTION OF THE UNITED STATES MATERIEL: 
Howitzer 
The howitzer of the slid‘ng block type is built up, eon 
sisting of the jacket, tube and several hoops. The 
and jacket are of alloy steel of the following minimum 
phvsical properties: elastic limit 80,000 Ibs. 
ultimate strength 105.000 Ibs. 
per cent and eontraction of area 


tube 
per sq. inch; 
per sq. inch; elongation 18 
The maxi 
mum pressure in the bore is 26,000 Ibs. per sq. inch. 


30 per cent. 


Recoil Mechanism 
A St. Chamond hydro-pneumatie type recoil mechanism 
is used to check the movement of the howitzer to the rear 


The Light Field Howitzer 


~IMMERMAN 





ii to return it into battery after firmg. The mechanis1 
orces Oo through a spring-col trolled valve to cheek the re 
« nd by means of compressed nitrogen returns the piece 
nto er\ The oil and nitrogen are separated by a 

ible dsaphragin floating ist 

The general characteristies are 
Weig mplete ound 7 
lr nitrogen ‘ e. i re ; ‘ 
May l nitroge! s ¢ ¢ inet ~4 
M 1 oil pre bs. per sq 

j s } ) 
P ! d d j ) 
M gt! oO 5 
rime of counter ecoil, seconds 


The body of the mechanism is a 


the rear end on trunnions which rest in 


steel forging pivoted 


near the trunnion 


bearings of the carriage. The trunnions are steel castings 


which are secured to the body of the mechanism by keys 


and serews. The trunnions are placed at the rear end of 
that 


the maximum elevation pe 


the body of the mechanism in orde1 the howitzer may 


clear the ground when fired at 
mitted by the earriage. 

The recoil mechanism is made as light as possible. The 
regulator is made of aluminum alloy, as mentioned in the 
Rock Notes of Army Or November-Decem- 


her, 


Island 
1921. 

The reco:] and reeuperator evlinders in the mechanism 
hody are polished to a mirror finish. <A 


INANCE, 


scratch in one of 
these cylinders is sufficient cause to reject the piece. <A 
front of the 


cover ot armor plate protects the recoil mech- 


anism from rifle fire. 
The action of the 


ti to re eoll. 


powder gases on the howitzer 


causes 


The recoil piston rr d +s fastened to the how 


itzer lug so that it moves to the 
with it. 


on the oil in the reeoil eylinder. 


rear carrying th 


piston 
The movement of the piston produces a pressure 
As this pressure increases 
overcomes the resistance of the throttling valve -spring, 
opening the throttling valve and permitting the oil to flow 
into the reeuperator eylinder In flowing through the 
is produeed. 


receuperator 


valve, a throttling resistane 


The oil entering the evlinder forees the mov 


able diaphragm forward, compressing the nitrogen. T] 
frretional resistanees of the piston rod through the stuff 


Ing box of the recoil evlinder and of the 
in its evlinder add to the throttling 


movable diaphragm 
resistance of the oi] and 
the resistance to compression of the nitrogen, produei: 
the total resistance of the recoil mechanism on the 

At the end of 
oree on the 


the piston, back into the reeoil evlinder. This oil 


recoil, the compressed nitrogen exerts a 


movable diaphragm forcing the oil ahead of 


pushing 


against the recoil p*ston pulls the howitzer 


The oil is throttled by 


into battery. 


the buffer valve as it returns to the 


recoil evlinder. The last few inches of 


eounter ree nl are 
the buffer rod entering its chamber: this de 
and allows the 


controlled by 


ereases the velocity howitzer to return to 


hatterv without shoek. 


Carriage 


The earriave has a box LB il w th axle traverse, rubhe re 


tired wheels, sitht and shields. 


inde pendent line of 
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The principal parts of the carriage are the recoil mech- 
anism, which has been deseribed, and the elevating mech- 
anism, angle of site mechanism, equilibrator, axle and 
wheels, traversing mechanism, trail, road brake, shield and 
sight and range drum. 

The elevating shaft is carried in housings on the under 
side of the recoil mechanism body. There are two pinions 
on this shaft which mesh with the teeth on the rockers. 
The rockers are segments of spur gears whose hubs form 
bearings for the cradle trunnions. A worm wheel is car- 
ried on the right end of the elevating shaft; the hand- 
wheel shaft is an extension of the shaft of the worm. A 
clockwise rotation of the handwheel elevates the piece. One 
turn elevates 8 mils. 

The angle of site mechanism is similar to the elevating 
mechanism. The angle of site shaft is supported on 


brackets that are bolted to the trail connections. The 


pinions on this shaft engage the teeth of the rocker. The 
worm and handwheel are on the left side of the carriage. 

At maximum depression of both angle of site and ele- 
vating mechanisms, the howitzer is horizontal. 

The trunnions of the recoil mechanism are at the rear end 
of the mechanism body and it is neeessary to provide an 
equilibrator to relieve the elevat‘ng mechanism. This con- 
sists of telescoping eylinders with a helical spring as- 
sembled within. The upper eylinder ‘s supported in a 
bracket on the lower side of the recoil mechanism body. 
The other cylinder is supported in brackets on the tra’l. 
The foree stored in the spring column balanees the pre- 
penderance of the tipping parts at all elevations. 

The axle is forged with axle arms integral with the body. 
The axle arms are of standard dimensions and the body is 
of I-beam section with the web vert‘eal (in battery) and 
eurved to an are centering in the spade. The traversing 
rack is bolted to the rear of the web of the axle and stops 
serewed to the under surface of the flange limit traverse. 

The wheels are a modified Archibald pattern with solid 
rubber tires. The weight of one wheel with the brake 
drum attached is 246.5 lbs. The wheel fastening is a bronz: 
voke fitting in the outer end of the axle arm and is access- 


ible when the hub cap is removed. 


The earriage is traversed by sliding the front of the 


trail laterally on the axle. deseribing an are about 






















































spade as a pivot. The sliding motion is accomplished by 
the traversing mechanism. The traversing handwheel 
is located on the left side of the trail. Turning the handwheel 
clockwise (as viewed from the left side of the carriage), 
forces the trail along the axle to the left. One turn of the 
handwheel traverses two mils. 

The trail sides are parallel and built of nickel steel plates, 
formed into a box section. The forged steel trail con- 
nections at the forward ends of the tra‘l are slotted to em- 
brace the axle. The trail connections are fitted with special 
roller bearings on top of the axle, to reduce friction during 
traverse, and have bronze bearing plates underneath. Near 
the tra:l conneetion the top carriage is riveted to support 
the trunnion bearings. The sides of the trail are connected 
at the front end by the traversing bracket and at their 


rear ends by the spade and tool box. 
The trail is provided with the large size lunette for pos- 





i0S mm. Howitzer Carriage, Model 1921E. Lett rront view with craale lock 
engaged. 


sible use with a tractor and the usual cannoneer’s seats 
trail handles, folding handspike, sponge and rammer fas 
ten’ngs, tool box with a lock and roller wheel euards. 

The hand brakes on the wheels are controlled by means 
ot a brake line extending to the rear of the trail and 


























THE LIGHT 
operated through small cables by a cannoneer seated on 
the earriage limber. 

A eradle lock is provided joining the trail connections 
and the elevating gear housing on the body of the recoil 
mechanism. Its use relieves the maneuvering mechan'sms 
from road shock in transport. 

Armor plate shields for the protection of the cannoneers 
from enemy fire are a little forward of the trunnions. The 
top of the shield is hinged and is arranged to fold over 
the head of the panoramic sight, thus permitting the use 
of aim‘ng points throughout 360 degrees of azimuth. 


Heat Treatment of Parts 

Some of the more important details of the carriage have 
had special heat treatments prescribed to increase their 
ability to withstand the shocks imposed on them in firmg 
and on the road. The shafts for elevating and angle ot 
site are of forged steel B(F) seleroscope hardness 50 to 
60. The equilibrator trunnion is of the same material as the 
shafts but is specified Brinell 225 to 250. The equilibratoi 
spring is of silicon manganese spring steel, annealed, and 


the computed fibre stress is 140,000 Ibs. per square 
inch. 
The trails are nickel steel plates .125 thick, with an 


elastic limit of 63,000 Ibs. per sq. inch. Nickel steel (3% 
per cent nickel) rivets were used in the trail. 

The spade edge is steel (S. A. E. 6150 
or V, Brinell 425 to 475. 

The axle is of forged steel Bi F (about S. A. E. 2340) 
and the test coupon showed an elastie limit of 68,900 Ibs. 
per sq. inch and 100,625 lbs. per sq. 
with a Brinell of 207. 
ing. 

Preliminary firings at 
riage to be satisfactory: 


heat treatment T 


inch tensile strength, 
It was heat treated before machin- 
Aberdeen have proven the ear- 
tired. The 
pressure of the nitrogen in the recoil cylinder was in- 


126 rounds have been 


creased from 650 lbs. per sq. inch to 725 lbs. per sq. ineh 
during the cold weather 'n December. Slow motion pictures 
were taken of several rounds to get a record of the action 
of the piece. In the rapid fire test ten rounds were fired 
in 54.56 seconds which, considering the shell is put in and 
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rammed before the cartridge case, is very good time. Sev- 
eral rounds were fired with overcharges up to 115 per cent 
as a safety test. Also the carriagé has been placed against 
a concrete base and fired to test the trail 








Rear View. 


105 mm Howitzer Carriage, Model 1921. 


The Electric Gun Shrinking Furnace 


J. L. HUGHES 


P to January 15, 1920, all tubes, hoops, Jackets, reeou! 


Watervliet 
heated in an oil-fired furnace to the required tem 


bands, ete., assembled at Arsenal were 
perature. The temperature to whieh the various forgings 
are heated is the lowest temperature which will provide 
sufficient expansion to take care of the shrinkage allowances 
on the male piece and provide sufficient clearance for the 
The 


In excess of SOD 


ready assembly of the heated forging. temperature 
to which the forgings are heated is seldom 
degrees F. and must always be less by a safe margin than 
the last annealing temperature used in manufacturing the 
forging which is under consideration so as not to affeet its 
The last 


ally between 1000 degrees and 


annealing 


1200 cle 


physieal properties. temperature is usu 


vrees I’. so that 


. . } + ‘ ‘ ] ‘ 
Is considered a sate temperature to hea 


Sn 


de vrees F, 


forgings to. 





In heating a gun forging to secure the required expan 


sion it 1s absolutel, necessary that it be uniformly heated 


throughout and not too rapidly. In order to accomplish 


this result, it is imperative to heat the forging without hav 
with it. It 


to have control of the temperature at different points in th 


ing the flame come in eontaet is also desirable 


furnace so as not to overheat or raise the temperature of 
the thinner sections of the forging too high while heating 
the thicker sections of the forging to the desired tempera- 

The oil-tired furnace which used crude fuel oil consisted 
of a boiler plate evlinder, lagged on the exterior with an as- 
Inside of this 


hestos covering to provide heat insulation, 


evlinder there was a wall of fire briek. Next came the fuel 
and air pipes of the furnace proper. the fuel and the an 
ihout fortv pounds pressure per square inch being 
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Fig. 1. Shrinking Furnace. 
One Section with Cover. 


through the oil burners. The fuel feed pipes consisted of 
four vertical pipes running the entire length of the furnace. 
Auxiliary feed pipes consisting of eylindrical rings were 
connected to the main feed pipes every five feet. Four oil 
burners were attached to each cylindrical feed pipe, the 
burners on the alternate feed pipes being located one- 
half way between the burners on the feed pipes adja- 
eent to it so as to stagger the burners and not concen- 
trate the heat in a vertical line. Valves controlling the 
flow of fucl and air were brought to the outs de of the 
furnace. 

The oil-fired furnace was very unsatisfactory in that it 
was necessary to light the burners individually and to ad- 
just the air and oil on each burner if a change in tempera- 
ture inside the furnace was desired. It often happened 
that during the heating of a large forging (which in some 
instances requires as much as twenty-four hours) the bur- 
ners would become dirty and refuse to burn longer so that 
it was necessary to have men in constant attendance, elimb- 
ing around the outside of the furnace in order to keep the 
burners adjusted and burning properly. 

A eylindrieal baffle of *%g-ineh boiler plate was pro- 
vided. for the inside of the entire furnace so that the 
flame from the burners would play on the baffle plate, 
thereby preventing it from coming in contact with the forg- 
ing which was being heated. The flame on the baffle plate 
was directed at an angle so as not to heat it red hot and 
burn through. 

All forgings were supported from the bottom of the fu 
nace. No forgings were ever suspended from the top of 
the furnac?, as the construction was such that sufficient 
strength could not be readily provided to accomplish this 
desirable feature. 

On January 15th the oil furnace collapsed and it was 
necessary to repair it immediately or to install the new elee- 
tric furnace. The latter course was decided upon and since 
it was expedient to complete the installation at an early date, 
in order to avoid stoppage of all work on the manufacture 
of 14-inch and 16-inch guns, three-shift operation was au- 
thorized and the new electric furnace was completely in- 
stalled and ready for operation in April, 1920. 

This furnace is composed of thirteen sections. each section 
being approximately 6’ 8” inside diameter, 10’ 5” 
diameter and 5’ 6” high; each section requires sixty-eight 


outside 


kilowatts at normal voltage. giving the entire furnace a 
rating of eight hundred and eighty-four kilowatts. 

The actual depth of the furnace is 72’ (each section be- 
ing a complete mechanical and electrical unit) and operates 
on a 3-phase, 220-volt, 40-evele cireuit at unit nower factor. 














Fig. 2. Shrinking Furnace. 
One Section with Door Opened. 


Power is supplied to the furnace from an 11,000-volt, 
3-phase 40-evele transmission line connected to three step- 
down, oil-cooled, oil-insulated, outdoor type transformers 
otf 400 k. v. a. capacity each. The transformers have an 
11,000 volt primary winding and a 230/460 volt secondary 
winding, being connected in series multiple on the low volt- 
age side, the conection being 3-phase delta. 

The secondary winding of the transformer consists of 
four 115-volt coils, the coils being connected in groups of 
two inside of the transformer to form two 230-volt wind- 


ings, four cables are brought through the transformer per- 
mitting a series connection giving a voltage of 460 volts 
or a series multiple connection giving a voltage of 230 
volts, the latter voltage being the one used in operating the 
furnace. 

Power is conveyed from the transformer busbars to th 
switchboard through three one million c¢ireular mil, extra 
Hexible. varnished cambrie cables, there being located on 
the switchboard three single pole air brake circuit breakers. 
The switchboard is provided with current and voltage trans- 
formers for operating a graphic meter installed on the 
hoard. There are located on the switchboard eighteen 
automatic contactor switches, one contactor switch being 
required for each section of the furnace. The extra five eon 
tactor switches are used for operating a smaller electric 
furnace similar to the one described but whieh consists of 
for shrinking of smaller 


only five sections, being usec 
cannon. 

A control room is previded having one panel for each 
section of the furnace, each section having a triple pole con- 
tactor switch electrically operated protected by fuses. On 
each panel there are mounted two ammeters; ammeters be- 
ing provided for two of the three phase lines. Current 
transtormeys are mounted on the rear of the main switeh- 
hoard. On each control panel there are also mounted two 
indicating watt-meters, indicating the load on each section 
of the furnace. Toggle switches mounted on a desk-like 
panel placed directly in front of the recording pyrometers 
are so located that the operator does not have to move in 
order to operate the contactor switches placed 6n the main 
switchboard. With this arrangement he is able to eut off 
or turn on the power on any section of the furnace as re- 
quired. Each section of the furnace is provided with two 
adjustable thermo-couples located on opposite sides of the 
section. one being located near the bottom of the section 
and one near the top. 

The sections are arranged so that the thermo-couples are 
staggered throughout the entire length of the furnace. The 
thermo-couples are adjusted so that they actually come in 




















contact with the metal of the gun or forging which is be- 
ing heated. The temperature readings of the twenty-six 
thermo-couples are recorded in thirteen minutes automati- 
eally by a Leeds & Northrup recorder. There are two 
Leeds & Northrup recorders, each one recording the tem- 
perature of thirteen thermo-couples. 











Top of Gun Shrinking Furnace. 


Fig. 3. 


Each section of the furnace being a separate mechanicai 
and electrical unit makes it possible to remove any sec- 
tion (simply by lifting it off with a crane) and use it as a 
separate furnace at convenient location. 

A structural 
provided as a part of each section, being so constructed 
that the outer frame carries the entire weight of the othe 
The outer 


any 


steel and iron inner and outer frame 1s 


sections of the furnace assembled on top of it. 
frame is insulated from the inside of the furnace by a wall 
of heat insulating brick so as to eliminate any possibility 
of the outer frame being heated to a temperature 
The inside of the furnace is built 


which 
might distort it. up of 
cast iron, planished iron, and calorized steel parts, 
ot which are attacked by a temperature of 1000° F. 
1000° F. is the temperature at which the furnace is rated. 
The inner structure is not connected to the outer frame by 


neore 


or less, 


any through bolts or through metallie parts and it is there- 
fore free to expand in diameter or length without disturb- 
ing the outer furnace frame. 


The heating element or resistance unit consists of a 
ealorite ribbon approximately 1/3” wide made up into 
units of about 20’ lengths, each unit being complete with 
its insulator and east iron supporting plate. 

Figure 2 shows the heat‘ng units assembled and_ the 


open door which is usually provided on the lower section 
This illustration also shows the calorized 


tront of 


of the furnace. 
guard rods which are assembled on a flange in 
the heating units which are provided to prevent the pos- 
sibility of injury when lowering a gun or forging into 
the furnace. The calorite with which 
unit is wound is a nickel alloy consisting of approximatel) 
per cent nickel; twenty per cent chromium and 
ten per cent iron and temperature of 
1800° F. in air without apparent depreciation. The in- 
sulators themselves are made from a special alundum com- 
pound having great mechanical strength and electrical re- 
sistance with the ability to retain both of these properties 
at a temperature considerably above the operating tem- 
The insulators with the heating 


ribbon the heating 
seventy 


ean be run at a 


perature of the furnace. 
unit have been repeatedly heated to a temperature of 1300 
C. and quenched in oil or water without crazing. This 
latter feature is of the utmost importance as in a shrink 
pit an aecident is liable to happen which might flood the 
bottom of the furnace with water. 

The top section of the furnace is provided with a split 
cover, the halves of which move aside to allow the forging 


THE ELECTRIC GUN SHRINKING FURNACE 45 


This 


from a 


leature 
hixture 


to enter or emerge from the furnace. per- 


mits the suspension of a gun or forging 


provided with a suspending shaft extending through the 


center of the cover and supported on I-beam girders 


on the outside of the furnace. These girders are on rollers 
and can be moved out of the way when not required. The 


heating units beng located on the inside of the furnace, 


the heat will be transferred from them to the charge 


largely by heating units operate at 
(only 100 to 200 


as compared to that 


direct radiation. The 


a comparatively low temperature 
above the temperature of the charge) 
baffle oil type furnace in which the charge must be 
walls of the baffle. The heating 


from the 


ot the 


first heated through the 


unit is located far enough away walls of the 


furnace so that it ean readily dissipate its heat and, being 
rapidly. The faet 


permits it to be 


of such small cross-section, heats very 


that the furnace is made in sections 
readily assembled or disassembled to any desired height by 
simply adding or removing sections. 

Sets of heating units are connected to each phase of a 
3-phase ¢reuit so that two or more sections of the heating 


balanced 


unit constitute a polyphase unit which gives a 

load on the power cireuit. One of the outstanding fea- 
tures of the control is that it permits controlling from 
the heat unit, which is a body of small mass, and main- 


supply the radia- 


tain‘ng there just enough temperature te 
tion losses of the furnace and gives the required temperature 
to the charge. This may be called an indirect control and 
marked 
rangement of the contacts whereby the resistor can never 


has very advantages. One advantage is the ar- 


reach a temperature sufficient to cause damage to itself, 
which affords prétection against burn-outs in ease of ab- 
normal voltage; and, which is equally important, no part 
of the charge can become overheated for the reason that 


al! heat which enters a body must pass through its sur- 


Tace and, as the surtace temperature cannot exeeed the 


-etting of the instrument, it follows that no part of the 


charge can be overheated. 
The facet that 
possible makes this type ol 


control of the 
ver\ 


accurate temperature 1s 


furnace efficient, as it 
end to end 
The 


absence of noise, heat, smoke and products ot combustion, 


is possible to graduate the temperature from 


as required for the different th*ckness of the lorging. 


with the ability to locate the furnace in any part of the 


shop, are great advantages which ean be obtained when 

















Fig. 4. 


Assembly of Gun Shrinking Furnace. 


using this equipment. The necessity of the transportation 
and storing of fuel oil ‘s also eliminated. It is found that 
at present the electric furnace can be operated approxi- 
mately fifteen per cent cheaper than the oil furnace, this 
maintenance 


taking into consideration the 


and upkeep of oil storage facilities. 


percentage not 





Cooling Cadillac 8-Cylinder Motors 


LEVIN H. CAMPBELL, Jr. 


mber 


HE Mark VII Motor Carriage for 75-mm. Gun is 
is propelled by a Standard Cadillae 8-Cylinder Motor. 
It will be recalled that this is the same motor as used 
in the 2'4-ton Tractor, Model of 1918. It has been found 


-/2 


impossible to satisfactorily cool the engine under such ex- 
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Mark VII. Motor Carriage for 75-mm. Gun 


tremely heavy duty, both as regards circulating water and 
erank ease oil, in both of the above vehicles. 

It has been a common experience for the water to con- 
stantly boil at average climatic temperatures, resulting !n 
the frequent refilling of the radiator while on the road. 
The temperatures of the crank ease oil have run excessively 
high, often as great as from 180° to 200° F. It is consid- 
ered by Automotive Engineers that an engine works most 
satisfactorily with the cooling water at the top of the radi- 
ator at a temperature of approximately 180° F. and at the 
bottom at approximately 160° F. It is also considered that 
the temperature of the oil in the crank case should never ex- 
ceed 160° F. in order that the oil may retain its viscosity 
and lubricating properties. Above that temperature the 
wear of the cylinder walls, piston rings and bearings is very 
rapid. In fact, in the tests of the Mark VII Motor Car- 
riage it has been found necessary to replace the motor after 
each period of test of 500 miles. 

With a view to overcoming the difficulties mentioned above 
in the least expensive way and without serious modification, 
the capacity of the Standard 2'»s-ton Modine radiator was 
increased 50 per cent by the addition of extra sections of 
radiator cores. The method of adding the additional see- 
tions is quite clearly shown in the accompanying photo- 
graph. The space blocks marked with the white “X” are 
drilled to permit the cireulation of water from the headers to 
the sections. After the modifications to the radiator the ve- 
hicle was run a distance of 42 miles at an average speed of 
10 miles per hour on a day with an air temperature 85° F 
Upon the completion of the run it was found that but a 
quart of water had been lost through evaporation. E1 
couraged by this success, the cooling of the erank ease oi 
was next undertaken. 

An oil radiator, as shown in the illustration, was made it 
the Plumbing Shop at the Aberdeen Proving Ground a 


A.OLA 


was connected with shut-off and by-pass valves in the lines 
to the pump orifices found in the Cadillac motor. This rad:- 
ator consists essentially of two tubular headers connected 
by a series of vertical risers with baffles appropriately 
placed in the headers. These baffles are for the purpose of 
insuring that the radiator is kept full of oil, and that the 
oil cireulates through all of the risers so that the maximum 
cooling effect may be obtained. The radiator is mounted 
in front of the water radiator as shown in the illustration. 
The radiator was:installed last winter and the vehicle was 
held for test in warm weather. On June 17th, a day on 
which the sun was shining and the air temperature was 88 
F., the vehicle was run for a period of two hours at speeds 
varying from 5 to 15 miles per hour a distance of approxi- 
mately 15 miles. The valves which control the oil radiator 
were closed, that is to say the oil was pumped through the 
by-pass directly back into the bearings and did not pass 
through the radiator. The temperature of the oil was 74 


F. at the beginning of the run. A: various intervals ot 
time the temperature was taken and it was found to be 
steadily mounting. At the conelusion of the two hour run 


the reading was 172° F. The valves which control the pass- 
age of the oil through the radiator were then opened, and 
the vehicle run at a speed of 15 miles per hour for a distance 
ot 8 miles, at the end of which time the oil temperature was 
tound to be 140° F. 

Since that date the vehicle has been run each afternoon 
for instruction of the students of the Ordnance Section of 
the R. O. T.C., and the oii temperatures have not exceeded 
136° F. The vehicle has been run at speeds varying from 




















75-mm. Gun Motor Carriage, Mark VII Modified Water Radiator. 
Radiation Increased 50 


6} to 15 miles per hour for intervals of about 2 hours. The 
temperature of the cooling water has remained not in exeess= 
of 195° F., after runs at speeds of 15 miles per hour. At 
the lesser speeds the temperature has been found to be on 


the average 185° F 
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Salvaging Rifle and Machine-Gun 
Barrels 


T the outbreak of the recent World War all the na- 
in Europe found themselves confronted with 
almost the identical conditions that we found when we 
entered the war; that is, a shortage of the latest pattern 
or type of small arms and machine guns. The English, 
tu correct their shortage immediately, let contracts in the 
United States for huge quantities of small arms. The 
French and Russians immediately followed, and then each 
nation in turn supplemented these contracts with contracts 


f tions 
Z 


for machine guns. 

At the time the war commenced England was about to 
adopt a new small arm of .27 caliber. This was abandoned, 
and the Lee rifle, known as the Lee-Enfield, and afterwards 
commonly known as the “Enfield,” was made by the Rem- 
ington Arms Company and the Remington Eddystone 
Works, for the British .303 eartridge. 

This last rifle, modified and changed to take the U. S. ear 
tridge caliber .30, Model 1906, was adopted by the United 
States to supplement the manufacture of of the U. 8. rifle. 
caliber .30, Model 1903, commonly known as the “Spring- 
field,” as the tools to make it needed very little changing. 

The English adopted the Vickers-Maxim gun. for their 
machine gun, and these were made also in the United States 
t Hartford, Conn. 
modified 


by the Colt Company ¢ 
The old Colt and 

tured for the the 

eartridge, by the Marlin Rockwell Company at New Haven. 


machine gun was manutac 


Russian Government, to take Russian 


Thousands of Russian rifles were made by both the 
Remington Company and the Westinghouse Company. 
In the meantime the Italians found themselves with 


enormous quantities of the 11-mm. guns, and a small num 
the 61% this rifle the 
cently adopted by them, and the problem on their part te 


ber of mm., latter heing most re 
supply sufficient small arms became very diffieult 

So they experimented in various ways, in the hope of 
finding some way of utilizing the 11-mm rifle and thereby 
expedite the manufacture of the 64 mm. 

Mr. Salerno, an Italian, invented what is now known as 
the Salerno Process of retubing gun barrels, and T had the 
opportunity of investigating the Salerno Process, as being 
carried out by the St. Etienne arsenal, in France. 

The Salerno Process consists of fitting an inner tube into 
a barrel, which is either too large, or has been worn out: 
and in considering this process, it may be well to divide the 


description of the operation into four parts: 


(1) Preparing of the barrels, 


(2) Preparing of the tubes, 
(3) Assembling the tube and barrel, 
(4) Finishing the arm. 


Preparing the Barrel 


The old barrel is bored out to a diameter of 11.57 mm. 


By 


CHAS. F. ARN 


ASTRONG 


» A 


with a tolerance of 0.03 of a millimeter. The operation 1s 
dene on a Pratt & Whitney drilling machine, the barrel 
being held firm and fed without revolving at the rate of 
12 mm. in a minute. A four-fluted reamer, revolving at a 
speed of 900 to 1,000 revolutions a minute, increases the 
size of the bore. Soda water with a high percentage of oil 
is foreed through the barrel from the opposite side to the 
reamer, pushing the chips away. The reamer has an end 
to guide it about 20 mm. long. The barrel-hole is not 
polished as it seems to be better to leave it rough to improve 
the adherence of the tube that enters it. When the Italians 
transformed the 11 mm. barrel to make it fit the 642 mm. 
ammunition they did not even ream out the lands of the 
rifling. 
Next a 


creasing size. 


false chamber is made with four reamers of in- 
This last, while 
The 


now 


There is again no polishing. 
an easy operation, requires considerable accuracy. 
tolerance is limited to 0.03 of a The barrel 
(Fig. 1.) 


1s 


mm. 


re ady. 


Preparing the Tubes 


Round bars of rough stock steel 21 mm. in diameter are 
used. First the bars are eut in lengths of 500 mm. and 
the ends squared off and prepared for the drilling machine. 
Next a hole 5.8 mm. is drilled on a Pratt & Whitney drill- 
ing machine, the drill revolving at the rate of 2,200 r. p m., 


with a feed of 24 mm. per minute. (Fig. 2. 

The hole is reamed out to 6 mm. Two reamers are used, 
first a four-fluted reamer, and next a flat reamer. Next 
the ends are faced off, and the hole is countersunk. Then 
the tubes are very carefully straightened, placed in a lathe, 
turned to 19 mm. in diameter outside. One end is left 
rough to be gripped in the drawing machine. Then the hole 
is reamed out to 9.6 mm. for a length of 360 mm. ‘The 


tubes are then placed in a furnace and the large bored end 
hammer-drawn on a forging the rate of 
The metal is heated to a cherry red. 


machine at about 
41) bars per hour. 

The 
than the smallest die, so that it will freely pass through 
Bags 
The tubes are then heated in a special furnace divided into 
heing passed from one part to the next 


if this operation is to make one end smaller 


purpose 


to 


caught by the drawing pincers of the drawing machine. 


9 parts (Fig. 3). 
for re-heating after each drawing, making nine times that 
it is drawn through the reducing dies, each time brought 
to a cherry red, drawn through a die, placed into the next 
furnace, reheated, and drawn 


compartment of the heating 


through a next size smaller die, and so on, until the draw 
ing is complete. 
The tubes are not drawn through the entire length. but 


time as 


at 
outline. 


the machine 1S stopped each the proper spot so 
This is necessitated 


that the barrel being prepared has been reamed 


to produee a varving profil 
by the faet 
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to varying diameters and the exterior of the tubes must be 
made to contorm approximately to this. (Fig. 4.) 

The diameters ot the dies are as follows: 18.3, 17.5, 16.7, 
15.65, 14.75, 13.7, 12.75, 12.30, and 11.75 mm. The ma- 
chine moves 910 mm. a minute; this might be inereased for 
the smaller dimensions. Tubes are then annealed and 
cooled in cinders. 

Next cut off part A, which was left simply for gripping 
purposes. This is done in a lathe in the ordinary way. The 
straightening of the tube is done in the ordinary way of 
straightening a rifle barrel, but more or less roughly, and 
it is straightened on the outside with an ordinary flat rule. 
Then the tubes are given an acid treatment, to clean them 
of all seale, ete. This acid treatment consists of sulphuric 
acid 20 per cent and water 80 per cent. The temperature 
of the bath 60°, and they are washed off afterwards in 
clean water. 

Next the tube is reamed out on a Pratt & Whitney 
drilling machine, the speed of the reamers being 1,000 
r. p.m. The first reamer, a three-fluted one with a diameter 
of 5.8 mm. is pushed through the barrel. The second, an- 
other three-fluted reamer, 6.2 mm. in diameter, pulled 
through in the opposite direction, followed by a third one 
6.3 mm. in diameter Then the tube is polished with a flat 
reamer 6.4 mm. in diameter. Tolerance 0.10 mm. The 
tube is again straightened. Then the large end of the tube 
turned to its correct shape on a lathe. (Fig. 5.) 

This operation requires a certain amount of accuracy 
and the entire tube is polished on a leather belt covered 
with emery. 





Assembling the Tube and the Barrel 

Due to the tolerance it is necessary to make some selee- 
tion of tubes and barrels in order to mateh them, the condi- 
tion being that the tubes must be just tight enough to foree 
in by hand. They are driven home by knocking the larger 
end of the tube on an anvil set on the floor. The barrels 
with the tubes are then put in the lathe, and the small end 
of the tube is cut off 10 mm. beyond the end of the barrel, 
Next the tube is expanded, and this is done on a drawing 
machine of ordinary type. A rod with an olive-shaped end 
is drawn through the tube, which is held firmly. at both 
ends so that it can not be elongated. 

The diameter of the first tool varies, depending on the 
size of the bore, before the first operation. The first tool 
is drawn through and then a series of tools, increasing 0.03 
mm. in diameter. 

If one tool goes through fairly easily, it has been found 
best to omit the next size, and take a size larger. A dyna- 
mometer placed on the machine gives the information con- 
cerning the amount of power used in drawing the tool. The 
average power required is about 1,000 Kgr. at the part near 
the chamber and 700 to 800 Kgr. at the other part. 

Testing for adherence. It was found that the best way to 
test for adherence was to hang the barrel on a string and 
tap it lightly to make it ring. If it did not ring clear, the 
adherence was not complete, and another expanding tube 
was drawn through it. It was found that care must be 
taken with the Hotchkiss barrel to pick out a standard, as, 
owing to numerous implements attached to the barrel the 
sound is not quite as clear as it would be on a plain Sarrel. 
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Percentages of loss. The proportion of serap barrels dur- 
ing the process is as follows: 

In the preparation of the barrels 1 per cent. 

In the preparation of the tubes 15 to 20 per cent. 
(Much of this loss being due to the tube becoming 
chilled in drawing, and breaking. 

Fitting the tube to the barrel 2 per cent. 


It was noted that 20 per cent of scrap tubes were not 
entirely last as they were drawn and used in the making of 
drills for the Pratt & Whitney drilling machine. 


Finishing the Arm 


ceseribed, the barrels 


After the expanding process jus! 


are reamed and rifled and chambered exactly like an ordi 
nary barrel. That completes the process. 

A rough estimate of the cost gives a price of 1 Fr. 75 
for labor per barrel for an output of 100 barrels a day. 
To this must be added the price of the steel and running 
expenses. The original cost of a new Hotchkiss barrel is 
roughly 250 franes 
parison of cost which is favorable to the Salerno Process. 


Consequently this gives us a com 


Making of the tools. Two sorts of drawing dies were 


+ 


made. One of high speed steel held in a rim of medium 
steel, the other a chilled east iron die. (Figs. 6 and 7.) 

The steel dies are turned out, hardened, and the outside 
rim is shrunk on, the rim beng left soft. These dies are 
rather expensive. In Rome, where the largest Salerno plant 
is stuated, they are using chilled cast iron dies entirely. 
These dies are cast in a metallie die (Fig. 8). and the hole 
is s'mply polished with a piece of wood, and some emery. 

The Italians claim that the cast iron dies are quite as 
good as the steel ones, but this has not been tested at St. 
Etienne Arsenal. 

Er panding tools. (Fig. 9.) They are made of tool steel 
drawn to 5.85 mm. in diameter. The olive part is then 
upset on a Thompson electric welding machine. The part 
to be inereased is held in the jaws of the machine, the eur- 
rent turned on and when it is sufficiently heated the jaws 
are closed on each other and the bar swells out. The 
operation is very rapid. The swollen part, about 9 mm. 
in diameter, is turned down to the proper shape and 
polished, heated to a cherry red, and hardened in water. 
The temper is drawn to a yellow straw color. When finished 
they are marked with a diameter of the largest part. 


Comparative Results of Trials 
The experiments have been made on 8 Hotehkiss barrels 
from steel of different origins: 
t barrels fitted with tubes of 
No. 1. Holtzer steel, non-hardened: 
No. 2. Holtzer steel, hardened: 


2 barrels 
No. 5. The metal of which was provided by the Hoteh- 
kiss Company ; 
No. 6. The metal of which was provided by the Hoteh- 
kiss Company. 
2 barrels 
No. 7. The metal being taken from the St. Etienne 
stock ; 
The metal being taken from the St. Etienne 


stoek. 


All these barrels have been submitted to the same tests, 
each proot-firing consisting of 3 consecutive bursts of 200 
cartridges with regulation ammunition, fired at intervals 
of 2 minutes counting from the beginning of a burst to 


the beginning of the next. Complete cooling after 600 
rounds. 

The wear of the barrels has been checked every 1,200 
shots by a burst of 24 cartridges fired with a cold barrel at 
a target situated 200 meters away. Not more than 24,000 
rounds have been fired from any one barrel. 

After they have fired 24,000 rounds, the No. 1 and No. 


2 barrels still gave round bullet holes at 200 meters. 


No. 3 barrel gives tilted bullet holes after 24,000 shots 
No. 4 barrel gives tilted bullet holes after 14,400 shots 
No. 5 barrel gives round bullet holes after 24,000 shots 
No. 6 barrel gives round bullet holes after 18,000 shots 
No. 7 barrel gives round bullet holes after 21,600 shots 
No. 8 barrel gives round bullet holes after 24,000 shots 


This process seems to be very interesting and I am of 
the opinion that, if modified as circumstances might re- 
quire, it could be used for relining guns of larger caliber as 
well as small arms, and a process of relining field guns by 
some such method as this might perhaps result in a very 
large saving of costs as well as a large saving of time, 
both of which are important in war-time as well as in 
peace-time. 

The French were particularly pleased with the process 
as it was very well adapted to the repairing and saving of 
barrels of the Hotchkiss machine gun. 

The Italians converted practically all their 11-mm. guns 
to the 6 mm. size by this process. They got perfect ad- 
herence of the tubes without even boring the rifling out. 
While I have not seen these barrels personally, I have been 
assured that the Italians had no trouble of any kind with 
them. 

One of the private gun manufactur'ng firms at St. 
Etienne offered to reline small arm barrels in this manner 
at a eost of $4.00 per barrel, agreeing to turn out 500 bar- 
rels per day. It must be understood that these were war- 
time prices and when used as a basis of comparison this 
must be taken into consideration. There is no apparent 


No. 3. Chambert, non-hardened: difference in the length of life a re-tubed barrel and that 
ta 
No. 4. Girod, non-hardened. of a new barrel. 
Characteristics and Analysis of Metals Employed for the Tubes 
Holtzer Metal Girod Metal Chambert Meta 

rensile strength, Kgr. per sq. mm 62.2 86.2 89.9 
Average elongation, per cent (Specification) 22.75 17.8 S 
Carbon 0.55 ta 0.7 per cent 0.655 0.620 0.599 0.59 92 
Manganese 0.75 to 0.95 ‘ ‘ 0.862 0.665 0.480 0.490 0.870 
Silicon 0.3 toa 0.5 ‘ $ 0.545 0.559 1.80 1.77 1501 
Sulphur less than .003 0.034 
Phosphorus less than 0.04 46 0.020 0.020 O.O1¢€ 0.017 0.014 








Artillery Division Notes 


The St. Chamond Recoil Mechanism 


A recoil mechanism must absorb the energy of recoil and 
gradually bring the gun to rest; absorb the energy of counte 
recoil and return the gun from its recoiled position to its in 








opens the regulator valve, the movement of which is controlled 
by a small coil spring in parallel with Belleville washers, 
Thus the energy of recoil is absorbed by throttling the oil 
through this spring-controlled orifice. The oil passing through 
the recoil orifice moves the floating piston forward against the 





—e man of pew 

== eee ee ee ee A a = 
* RESER 

| eee ee z= —— a r 

ae 

+ 

3 : hDidaud rarer 

; ee eee a a a ee a 2 
) RecurERaToR o IY) i] | yu] Hin of i : 
} , | atiTT beat fe f: “ Te }} 
) TARA r PRRARL HD U 
eS Ee - Me Ay z+ 





Figure 1. Assembly of 75 mm. Recoil Mechanism, 1916 M. I. 


Initial Air Pressure 1,000 Ibs. per sq. in. | 
Maximum Hydraulic Pressure 5,250 lbs. per sq. in 


Maximum Air Pressure 1,500 Ibs. per sq. in 


“s Resistance to Recoil at 0-degrees Elevation 4,000 Ibs 


Maximum Resistance at 53-degrees Elevation 12,000 Ibs 


battery position without shock, and hold the recoiling parts 
in battery at maximum elevation. 

The St. Chamond recoil mechanism has fulfilled these condi 
tions. This mechanism was developed during the war in 1917 
for the 75-mm., 1916 American Carriage by Col. Rimailho of 
the French Army at the St. Chamond factory. 

It is of the hydro-pneumatie type, and is smooth in opera 
tion and durable. Further, the use of small forgings for 
carriages, ranging between 3-inch and 4.7-inch inelusive, is 
made possible by the use of high pressures in the recoil and 
recuperator cylinders. The success of this recoil mechanism may 
be attributed to the development of a specific packing which 
would hold high pressures, and the function of counter recoil. 

Figure ] is an assembled view of the St. Chamond brake as 
used on the 75-mm. gun earriage, M. 1916MI. There are 
three cylinders, the middle one being the recoil or hydraulic 
cylinder, the right cylinder has an air chamber at its forward 
end, and an oil reservoir at the rear end. The left cylinder, 
known as the recuperator cylinder, comprises at its forward 
end additional air space and has at its rear end the floating 
piston and regulator for controlling the length of recoil. 

The recoiling parts are held in battery by the reaction of 
air on a floating piston and liquid against a leak-tight recoil 
piston head, using one piston rod for both the function of 
recoil and counter recoil, the floating piston separating the oil 
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Fig. 2. St. Chamond Recoil System. 


from the air. An opening is provided between the _ recoil 
cylinder and recuperater cylinder, in which a regulator valve is 
placed. 
Figure shows a schematic diagram of the operation of 
the St. Chamond system for both recoil and counter recoil. 
In recoil the gun moves to the rear carrying with it the 
recoil piston (middle cylinder). The pressure in this cylinder 


» 


air, thereby increasing the air pressure and storing up energy, 
which returns the gun. During recoil the oil pressure in the 
recuperator cylinder is higher than air pressure, this drop 
being due to the floating piston friction. The counter recoil 
valve remains closed during recoil. 

The recoil regulator valve is closed during counter recoil. 
The oil flow during counter recoil, therefore, is different from 
recoil, The flow path is through a small channel (Wo) at 
the inside end of the buffer chamber in the recuperator cylin 
der and ending in the hydraulic cylinder, as shown in Figure 2. 
The throttling during counter recoil takes place through a 
constant orifice at the beginning of the counter recoil channel. 
The pressure (Pa) on the oi! side of the reeuperator is lowered 
by this throttling to a small pressure in the recoil cylinder. 
The tapering buffer rod on the floating piston in the reeu 
perator causes additional throttling through the annular area 
between the buffer chamber and buffer rod of the floating 
piston. Toward the end of counter recoil, the pressure in 
the recoil cylinder is thus brought to practically zero. The 
constant throttling area in the counter reeoil channel is so de 
signed as to cause sufficient throttling to lower the pressure in 
the recoil cylinder that it may practically balance the total 
friction, guide and stuffing box, during counter recoil. At 
the end of counter recoil this friction alone brings the recoil 


ine mass to rest when it reaches the battezy position. 
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Figure 3. Regulator Valve and Recoil Control Mecharism. 


The essential feature of the St. Chamond brake is the 
spring regulated valve where the main throttling oeceurs. The 
valve functions somewhat as a pressure regulator since if the 


pressure is lowered the spring reduces the valve opening 
thereby increasing the throttling drop and the pressure in 
the hydraulie cylinder. The pressure in the recoil cylinder is 
the sum of the air plus the floating piston friction drop plus 
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the throttling drop through the regulator valve. At short re- 
coil the air pressure is small compared with the throttling 


drop. The resistance to recoil is large and refore th 
recoil pressure large. This requires a large throttling drop 
and the air pressure becomes small compared with the throttling 
drop. <A large throttling drop requires a very small opening 
with a large pressure reaction against the valve. To balanee 
this reaction a very stiff spring is required. Such spring 
characteristics have been met by the use of Belleville washers. 


At long recoil the resistance is small, therefore the throttling 
drop is small and requires a large orifice. Since the pressur 
in the recoil cylinder is small together with a large orifice 
opening, a weak spring with a large deflection is desirable. 
Such spring characteristics are best met with an ordinary 
spiral spring. Hence at long recoil, low elevation, a spiral 
spring functions alone, while at short recoil maximum eleva 
tion, the belleville and spiral spring function in parallel 
(Figure 3.) 

At short recoil the upper stem of the regulator (Fig. 3) is 
brought down by the cam at its top until its lower surface is 
in contact with the top surface of the lower valve stem, Thus 
the length of recoil is automatically varied by the control 


mechanism (Fig. 3) 


Rock Island Arsenal Notes 


Experiments to Determine the Proper Method of Riveting the 
Larger Duralumin Rivets 

Considerable use is being made of duralumin for the bodies 
and some other parts of the 600 and 900-pound tractor power 
earts and for the 800 and 1600-pound reconnaissance tractors 
now being manufactured at this Arsenal. Many Lynite 
(aluminum casting alloy) castings are also called for in 
these designs. 

The attempt to follow ordinary riveting practice for riveting 
together the body sheets and some of the Lynite castings was 
successful only when the smaller duralumin rivets, less than 
%4-inch, were used. The larger size, such as the 5/16-inch 
rivet, gave considerable trouble; the shank bending; heads 
incomplete and poorly formed; and breakage of the Lynite 
castings while attempting to form the rivet. Since duralumin 
becomes increasingly hot short when worked above 800 to 850 
degrees F., the use of a hot rivet is impossible. The attempt 
to drive duralumin rivets directly after removal from a fur- 
nace maintained at 800 degrees F. gave no beneficial results 
since the duralumin or Lynite to be riveted conducted the 
heat away from the rivet so rapidly that it was impossible to 
hold the rivet at the better working temperature during the 
process of riveting. ; 














Figure 1 


The use of a hot steel rivet or an electrically driven rivet 
was also tried but the results are not considered desirable be- 
cause the steel rivet attains a temperature above the melting 
point of the duralumin, and the dissimilar metals allow of 
rapid corrosion due to galvanic action. 

Experiments were then conducted with a view of finding a 
method of driving the larger duralumin rivets so as to get a 


pe rirect head, to prevent racking the Lynit castings and to 
be applicable to quantity production. 

The last requirement, that of quantity production, not 
seem within reach because hand riveting s first employed 
giving heads which appeared acceptable upon get exami- 

ation but when sectioned, polished and : tehed the iiscon- 
nuity ol the flow lines of tl neta in tl point head ndi- 











Figure 2 


cated that it would not stand the maximum loads. The de- 
sires to secure a correct head and at the same time prevent 
cracking of the Lynite casting appeared, at first, inconsistent, 
since a large riveting hammer was necessary to form a head 
with the ordinary button set and this large hammer with 90 
pounds air pressure at the main line always split the Lynite. 
It was decided, therefore, to develop a modified rivet set so 
that smaller hammers and lower air pressures could be used 
and still secure the desired head. Many rivet sets of varying 
form were made and used and the minimum air pressure and 
correct hammer determined for each. The button head point 
was formed in all cases. The method and tools adopted are 
diseussed below. 

Either annealed duralumin rivets or heat treated rivets can 
be used. If the heat treated rivet is essential, for instance, 
where the maximum strength is required, it must be driven 
immediately following the quench. The annealed rivet is in 
its softest condition and unless the heat treated rivet is worked 
immediately after the quench it will be found to have hard- 
ened enough so that it cannot be satisfactorily riveted. Fur- 
ther, the annealed rivet is strengthened noticeably by the cold 
working to which it is subjected. A shearing test on 5/16-inch 
duralumin rivets, single shear, driven in steel plates 7/32-inch 
thick gave a maximum load of 21,000 pounds per square inch 
for an annealed rivet and 34,000 pounds per square inch for 
the heat treated rivet driven immediately following the quench 
and aged. The value of the heat treated rivet is roughly 1.6, 
or, if four heat treated rivets are required for a certain fas- 
tening, it may be said that six annealed rivets will accomplish 
the same purpose. Since the annealed rivet is cheaper and 
the same purpose. Since the annealed rivet is cheaper and 
presents fewer difficulties to drive, the general use of the 
annealed rivet is recommended. 

Holes for duralumin rivets should be drilled and reamed to 
$1ze: i.e, a hole for a Vy ineh rivet should be drilled 1/64-ineh 
small and reamed at assembly to %4-inch. In general it may 
be said that rivets should ‘‘tap fit’’ their holes. Should the 
holes be larger than this, the tendency of the rivet to pull 
and drive off center is increased. 

All the experimental rivets were driven through Lynite cast 
ings and the air pressures determined upon are not great 
enough to cause the casting to split. If two pieces of dural 
umin are riveted together, the air pressures used can, of 
course, be greater. 

Hand riveting may be employed in the smaller sizes quite 
successfully. For the larger rivets referred to above, the 
head, although of acceptable general appearance, is not as 
sound as those produced by the special rivet set and pneu- 
matic hammer. The 3/16-inch rivet ean be driven with the 
ordinary set and in one stage. The No. 18 Ingersoll-Rand 
Hamnier and 60 pounds of air pressure are used. (Fig. 1.) 

The \4-ineh rivet requires a No, 1S Ingersoll-Rand Hammer, 
60 pounds of air and an ordinary ™%-inch set for the first 
stage. The ‘‘button’’ produced in the first stage is clearly 
shown in Fig. 2. The first stage is quite readily secured 
and as soon as the operator feels that the rivet is no longer 
flowing into the button shane readily and is offering increased 
resistance, he should stop and finish and form the head with 
the four-way set shown in the illustration. This set is made 
with a knurled body so as to allow the operator to grasp and 


‘‘spin’’ it during the final stage of driving the rivet. It is 
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this relieved set rotated during the operation that allows the 
head to be formed with the low pressures used. The experi- 
ments have shown that the Lynite casting when struck with the 
rivet set during the riveting willl deform but does not crack. 
The 5/16-inch rivet requires a No. 28 Ingersoll-Rand Ham 
mer, 60 pounds of air and the ordinary 5/16-inch set for the 
The second and finishing stage utilizes a five- 


first stage. 
way set which is shown in Fig. 3 which is ‘‘spun’’ in opera 
tion. It is essential that the special sets used be rather 


rapidly rotated by the operator to prevent unnecessary mark 
ing of the finished head. If properly done the head will be 
perfectly smooth as shown in the photographs. The air pres 
sures should not exceed those given above when the rivet 
passes through a Lynite casting. Lynite, the experiments 
have shown, will crack readily if the heavier hammers and 
maximum air pressures are employed. In all cases the ham 
mer must be held in line with the rivet and the air applied 
rather rapidly to form the first stage or the shank will bend 
and it will be found necessary to replace the rivet. The 
operator must develop a certain amount of ‘‘knack’’ or the 
rivets will drive off center by an amount too great to be 
allowed. If a heat treated rivet is driven immediately after 
the quench about twenty pounds more air than the pressures 
recommended will be found necessary in order to properly 
form the head. 

Sinee the rivet is to be a tight fit in its hole, the amount 
of shank necessary to form the head will be more or less 
constant and not dependent upon the grip or thickness of 
the material riveted together. For the 3/16-inch rivet, 5/16- 
inch of shank plus the grip is necessary to form the head. 
For the 14-inch rivet, 7/16-inch is necessary and for the 
5/16-inch rivet, %-inch is necessary. 

The piteh, the distance of rivet from edge of plate, the 
clearance, ete. may well follow good structural riveting prac 


tice. In Lynite castings, the distance of the rivet from the 

















Figure 3 


edge of the casting should be at least two diameters of the 
rivet. 

The advantages of the method discussed above for the larger 
rivets are that the hammers ordinarily carried in stock are 
used without modification and a simple air reduction valve 
serves for one or more hammers as is desired; the special 
sets used are durable to manufacture; the chances of breaking 
the casting are largely done away with; the ‘‘knack’’ re- 
quired to produce desirable rivets is easily developed by the 
ordinary riveter; and a finished and sound head is secured 
in no greater time than that required for steel riveting. 


Frankford Arsenal Notes 


New Elevation Quadrant for Machine Guns.—The present 
method of controlling machine-gun fire at high angles is by 
means of the Machine Gun Clinometer, Model of 1917 (Figure 
A} 
This is a small portable instrument, consequently liable to 
be mislaid or lost, somewhat inconvenient in that it requires 
two hands to operate and necessarily has to be removed from 
the gun during firing and replaced when the gun is to be re- 
laid. These defects seriously retard the rate of fire and the 
need of a more efficient method of laying machine guns has 
led to the development of the Elevation Quadrants, Types B 
and C, samples of which have been manufactured and sent to 
Camp Benning for test. 








The Elevation Quadrant, Type B (Figure 2): The bracket 
for attaching the quadrant is permantly fastened to the left 
hand side plate of the machine gun. It carries a horizonta 
groove to receive the dovetail lug on the quadrant housing. <A 
spring detent engages a notch in the lug and retains the quad 
rant in position. 

















Figure 1 


A clockwise rotation of the knob causes a movement of the 
level bracket such that when the bubble is brought midway be 
tween the graduations on the level vial, the gun is elevated a 
like amount. 

Tightening the wing nut locks the micrometer in the de 
sired position and prevents the rotation of the worm during 
firing. 

The elevation seale is graduated into six equal spaces, each 
representing an angle of 100 mils. The middle graduation, 
numbered 3, indicates the zero of the seale, after the method 

















Figure 2 


employed by the Field Artillery for angle of sight mechanisms. 

Settings less than 300 mils indicate depression and above 
that, elevation. The micrometer is graduated into 100 equal 
spaces, each representing one mil. One turn of the micrometer 
advances the elevation scale one space or 100 mils, which corre- 
sponds to the graduations on the micrometer. 
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A cover is provided for protecting the level vial when the 
quadrant IS hot ih Use and can be readily adjusted or replaced 
by removing the serew plug in the level bracket. 

The micrometer can be adjusted for zero conveniently, and 
means are provided for eliminating the effects of backlash 
between worm and worm wheel. 

The Elevating Quadrant, type C (Figure 3), is similar to the 
Type B, except that the bracket for attaching the quadrant is 
secured to the right hand side plate of the machine gun and con- 
tains a vertical groove to receive the dovetal lug on the housing. 

The elevation scale in the Type C instrument is graduated 


into six equal spaces, each representing an angle of 100 mils. 
The zero graduation designates the normal. 
The micrometer is graduated into 100 equal spaces, each 


representing one mil, and numbered from 0 to 100 clockwise 
and eontraclockwise. One turn of the micrometer 
the seale one space or 100 mils, which corresponds to the gradu 


advances 


ations on the micrometer. 

The Machine Panoramic Sight, Model 1918 (Figure 4 
is issued to machine gun organizations for determining firing 
data for use in direeting machine gun fire. 

The needs of the service for a more efficient method of 
ing a machine gun, especially at marked objects—which method 
of fire is commonly known as indirect fire—suggested the use 
of the Machine Gun Panoramic Sight, Model 1918, for this 
purpose. Several Browning machine guns were equipped with 
brackets for mounting the sights and a series of experiments 
were conducted, which demonstrated the practicability of using 
panoramic sights for such purposes, 

The Machine Gun Panoramic Sight, Model 1918, 
signed principally for mounting on a tripod for field use and 
its construction necessarily light so as to be readily 
handled and transported. During the test a number of objec 
tionable characteristics and weaknesses became apparent, par 
ticularly that of the rotation of the azimuth and elevation 
mechanisms during firing, which caused errors in fire and in 
convenience to the gunners. With a view of securing an instru 
ment adapted for such use, the Quadrant Sight, Model E, has 
been developed and is being constructed for test by the In 
fantry Board at Camp Benning. 

The Quadrant Sight, Model E (Figure 5) consists prinei- 
pally of a Panoramic Telescope, the elbow portion of which 
contains a cylindrical collar, having worm teeth, which is 
mounted in the bearing portion of the Worm Housing. The 
Elevation Knob attached to the end of the elevation worm, 
when rotated, causes the rotation of the telescope. 

The optical elements of the Panoramic Telescope are ar 
ranged similarly to those of the Panoramie Sight, Model of 
1917, and have the following optical characteristics: 


Gun 


was de- 


was 














Figure 3 


Power 3 
Field of 
Diameter of exit pupil 
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Figure 4 


The azimuth scale is graduated into 64 equal spaces, each 
representing 100 mils of angle and numbered from 0 to 64. 

The azimuth micrometer is graduated into 100 equal spaces, 
each representing 1 mil and numbered every 10 spaces from 
0 to 100. One turn of the micrometer advances the elevation 
scale one space or 100 mils, corresponding to the graduations 
on the elevation micrometer The eccentric lever when 
rotated and held, permits free rotation of the rotating head, 
for rapid setting. 

The elevation seale is attached to the cylindrical portion of 
the elbow of the panoramic telescope and is graduated into 8 
equal spaces, each representing an angle of 100 mils and num 
bered from 0 to 8. 

The elevation micrometer scale is secured to the worm 
housing and is graduated into 100 equal half 
circle, each representing an angle of one mil and numbered 
from 0 to 100. 

The range scale is secured to the end of the elevation worm 
and is graduated in yards range and contains two arrows en 
graved diametrically opposite each other for use in connec 


seale. 


spaces, in a 


tion with the elevation micrometer seale. One turn of the 
range seale advances the elevation scale two graduations o1 
200 mils. 

It will be noted that at all times one of the indexes on the 


range seale will be indicating opvosite the graduations on the 
elevation micrometer scale. It this means that single mils 
are recorded in conjunction with the elevatoin seal 
The angle of sight scale is graduated into 200 equa 
each representing one mil and numbered every ten from 0 to 
100 eloekwise and contraclockwise. It can be rotated free of 
the other scales and carries with it the angle of sight index. 
Since one rotation of the elevation worm rivanes 
of 200 mils of the elevation seale, it 
scale can only be graduated to a range corresponding to an 


is by 


spaces, 


causes an 


is obvious that the range 


elevation of 200 mils or a range of approximately 2.550 yards. 
To lay the machine gun in elevation corresponding to an 
angle in mils, rotate the elevation knob until the elevation 


scale index and an index on the range scale indicate the desired 





54 ARMY ORDNANCE 














-—————LEVEL 





—PANORAMIC TELESCOPE 


ANGLE OF SITE SCALE 








———ROTATING HEAD 


Oe ee SIGHT 


oo AZIMUTH SCALE 
| 


é —ECCENTRIC LEVEP 
Ss 60 4 — 
RRR: ELEVATION MICROMETER SCALE 

































































———ELEVATION MICROMETER SCALE 
“RANGE SCALE 
AZIMUTH KNOBS ——| ~ ! 
C108 20 
SCALE —-* ye at 
—— | »// @ 
~ AZIMUTH MICROMETER 3 @ @/e 
"i ANGLE OF 
SITE INDEX 
\ 
0 a OF 
ELEVATION KNOB = __ SITE SCALE 
WORM HOUSING 





WS 





ELEVATION SCALE INDEX 


BROWNING MACHINE GUN 
mee 























ELEVATION SCALE 


SPRING DETENT 











Figure 5 


elevation then lower the machine gun until the bubble is mid- 
way between the graduations on the level vial. 

To lay the machine gun in elevation by means of the range 
and angle of sight scale, rotate the angle of sight scale to the 
setting indicating the angle of site, then rotate the elevation 
knob until the range is opposite the angle of sight index. Then 
lower the machine gun until the bubble is midway between the 
graduations on the level vial. 

The lower portion of the worm housing contains a dovetail 
lug for attaching the quadrant sight to the bracket secured to 
the machine gun. It is held in position by the spring detent. 


Watervliet Arsenal Notes 


Rifling of Cannon.—Prior to the World War it was the prac 
tice to rifle seacoast cannon with a rifling head containing 
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not more than four eutter blocks. Each of these blocks was 
ground to carry three cutters each, which made it possible to 
cut twelve grooves with one set-up of the rifling head. The 


slowness of the operation retarded production to the extent 
that a radical improvement in the practice of rifling large 
cannon was absolutely necessary. 


Prior to the first part of the year of 1917 rifling heads used 
on eannon with a bore of 6 inches or less in diameter could 
not earry more than two cutters per block while the radial 
angle on guns of 3 inches in diameter and under prevented 
more than one cutter per block. 

The existing rifling heads for small caliber field guns had 
the feed arrangements, cutter adjustments, screws, ete., car- 
ried in the front of the head occupying space which could be 
used to advantage in providing a greater number of cutting 
tools. 

In order to remove the bottle-neck from vroduction, a new 
rifling head for rifling 75 mm. cannon was designed at this 
arsenal in the early part of the year 1917. The particular 
points of advantage secured in this new design of rifling head 
are as follows: 

It carries four cutters instead of two; the cutter expand 
ing device is located to the rear of the head and controlled 
by a graduating nut. Access to this nut is obtained by an 
opening in the side of the head thereby permitting adjust 
ment of the cutters without withdrawing the entire rifling 
head from the bore of the cannon and thus shortening the 
travel of the head for each cutting stroke. 

The bronze sleeve is assembled from the rear thus permit- 
tng a saving of approximately eight hours labor in re 
placing a worn-out sleeve. The side-play of the cutter slides 
is adjusted by a bronze gib having contact with the full 
length of the slide instead of one point contact as in the 
previous designs. 

The most notable advance in reducing the time required for 
rifling guns of large caliber was the development of the White 
rifling head. This uses the same feed idea as the 75 mm. 
rifling head just referred to but differs in the method of hold 
ing the cutters. It permits the assembly of any number of 
cutters up to one-half the number of grooves in the gun and 
removes metal from alternate grooves at each passage of the 
rifling head through the gun. Rifling heads of this type are 
now being used at Watervliet Arsenal for the rifling of large 
ealiber cannon with great success. 

The rifling head proper consists of a cast-iron body with a 
tapered shank which fits the rifling bar. Over the cast-iron 
body there are fitted four bronze shoes, the diameter of which 
can be adjusted as the shoes wear and regrinding becomes 
necessary. 

The head is designed to eut one-half of the reauired number 
of grooves at each setting: individual cutters being provided 
for cutting each groove. These eutters are assembled to and 
expanded or contracted radially by the tool-carrier which con- 
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sists of a sliding steel ring assembled to the main shaft of 
the rifling head. 

The tool-carrier is provided with a series of tee slots cut at 
an angle of 1° 30’ with the axis of the shaft upon which it 
slides. The rifling cutters are fitted into these tee slots. By 
moving the tool-carrier to the rear, the rifling cutters are con 
tracted. By moving the tool-carrier forward they are extended. 
This movement provides a means for retracting the cutters on 
the return stroke of the rifling bar. 

At the front end of the rifling head and directly over the 
sliding tool-carrier there is a steel guide ring which contains 
a series of radial slots which guide and support the rifling 
cutters, Oil provided in the front of each slot 
through which cutting oil is forced onto the cutting edge of 
the rifling cutter when in operation. 

At the front of the rifling head a shaft or plunger projects 
which when foreed in, earries back the tool-earrier retracting 
the cutters and, when forward, carries the tool-carrier 
with it expanding the cutters. The rifling cutters are adjusted 
or fed out radially to accomplish the desired depth of cut by 
means of a nut and serew in the side of the rifling head. 

The White rifling head is the head shown in the upper view 
of Figure 1. The lower view in Figure 1 shows the old type 
rifling head with three cutters per block as used in rifling 
4.7-ineh guns, 

The White rifling head has 
type used for rifling 4.7-inch guns in that the torsion of the 
rifling bar when in operation is more uniform, which makes it 
variation in the widths 


holes are 


moved 


a particular advantage over th 


poss'ble to rifle a gun with a minimum 
of the grooves at the origin of the rifling in the powder cham 


ber. 





Figure 2 


In the older type guns, rifling grooves were wide and shal 
low, but the newer guns e¢all for rifling in which the width of 
the groove has been decreased in order to provide more land 
surface; the depth being increased for the same reason until 
at the present time the depth of the groove in the larger caliber 
guns is almost equal to the width. 

With a rifling head with the old type cutters it would be 
more difficult to cut a groove of the depth used at the present 
time without danger of breaking the cutter with a consequent 
damaging of the rifling. Therefore the cutter as used in the 
White rifling head is more adaptable to the present type of 
rifling as laid down for large ealiber guns. 

Three sets of rifling cutters.are employed in the rifling opera 
tion on a 14-ineh or 16-inch gun. These cutters are shown in 
sketch on Figure 1. The first cutter which is to the left of 
the sketch finishes the top radii of the grooves. The second 
roughs out the grooves to the required depth, while the third 
finishes the groove to the required form. 

At ‘*B’’ there is shown a cutter as used in the White rifling 
head while at ‘‘A’’ is shown the type eutter as used in the 
4.7-inch rifling head. 


Figures 2 and 3 type of rifling machine used at 
the present time in rifling at Watervliet Arsenal. The ma 
chine consists of a plain machine bed, end of which is 
equipped with rests or cradles for supporting the gun which 
i rifled, the gun being held stationary; it does not 


show the 
one 


is to be 
rotate. 


The other end of the machine is fitted with a beneh whiel 





~ A 
“i 


forward end 


carries the rifling bar and movable housings; the 
of the bar carrying the rifling head. 
The rifling head is shown assembled on 


the rifling bar in 





Figure 3 


Figure 4 A rifled is shown on the left-hand 


: gun 
side of the 


ready to be 
photograph. 


At the extreme end of that part of the rifling machine 
whieh carries the rifling bar there is mounted a_ reversibk 
motor which is controlled from the front of the rifling bar 
bench. This motor operates the rifling bar by means of a 
screw and nut. <A reel of flexible steel oil hose is also located 
it the same end of the machine which unwinds and rewinds 
as the bar advances and returns. This hose is connected to 


yressure oil pump at one end. The other end is connected to 


pipe at the rear of the rifling bar which passes through it 
and is connected to the rifling head. Oil is fed to the rifling 
cutters through this pipe, an automatic shut-off being pro 


} 


vided to stop the flow of oil on the return movement of the bar. 

Back of the rifling bar located the r.bbon bench 
which supports an adjustable 
uljusting earries a flat 
standing on edge between the dogs and the 
This bar is called the rifling ribbon, the purpose of 
to generate the rifling curve rotating the rifling bar by means 
of a rack equipped with rollers which fits the sides of the rib 


bench is 


Series oT a 


plate with a 
steel bat 


ovs 


screws which 52 by 3 inches 
adjusting screws. 


which is 


bon and meshes with a pinion on the rear of the rifling bar. 

The ribbon is set to the desired curve from the axis of the 
rifling bar which in guns of uniform twist is a ‘simple helix 
angle corresponding to the twist desired. In guns having an 


increasing twist the curve when developed on a vlane surfac 
forms a semi-cubie parabola. 

The purpose of the ribbon as before stated is to impart th 
desired rotary motion to the bar so that as the bar carrying 
the rifling head moves forward through the gun a curve of the 


Figure 4 


proper twist may be generated. This ribbon is, however, s¢ 
dom used to perform the actual rifling operation due to th 
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wear that would result thereon from constant use. The rib 
bon and rack are generally used only for generating a groove 
or slot in the rifling bar itself (see Figs. 2 and 3 showing 
grooves in bar) whch is accomplished by temporarily attach 
ing a tool slide and eutter to the front end of .the rifling 
bench and permitting the bar without rifling head and sup- 
ported by bronze bearing rings to pass through the gun while 
the curve or groove is being cut in the bar. 

When the curve or groove has been cut in the bar the raek 
connecting the ribbon and the rifling bar is removed from the 
machine and a stud fitting into the groove in the bar is in- 
serted in the front housing which rotates the bar as it ad- 
vances. 

When a gun is to be rifled it is placed in the rests or cradles 
previously mentioned with the muzzle end toward the rifling 
bench and properly aligned with the bar so that the rifling head 
will pass through the gun freely together with the rings which 
support the bar at intervals along its length. After the gun 
has been properly aligned, the rifling head without the cutters 
inserted is carefully passed through the gun to insure perfect 
freedom. Then the eutters, all of which are ground exactly 
alike and therefore interchangeable, are inserted in the rifling 
head and adjusted so that when the eutters are fully extended 
they will pass through the bore of the gun without eutting. 
The stop for collapsing or retracting the cutters and against 
which the plunger on the front of the rifling head previously 
described acts, is set in the powder chamber of the gun and 
adjusted so that the cutters will be collapsed at the proper 
time. The stroke of the rifling bar is also adjusted so that 
the bar will be automatically brought to a stop at the proper 
point. 

After the cutters and stops have been properly adjusted the 
cutters are carefully fed out by means of the cutter feed screw 
on the side of the rifling head until they begin cutting; this 
must be carefully done and the bore constantly observed to de 
termine whether all cutters are functioning properly. 

When the operator has assured himself that everything is 
functioning properly the cutters are then fed out according to 
the type of cutter and form of rifling being cut, the feed used 
being dependent on the cqnditions involved. 

In rifling 14-ineh and oor guns having a groove as shown 
in Figure 4, a feed of -Q015-inch per cut is used for cutters 
Nos. 1 and 2 and .003-ingh per cut for cutter No. 3, except 
when within a few thousadths of full depth the feed is re- 
duced to .0005-inch to insure a smooth and perfect finish. 

The cutting speed used is approximately 14 feet per minute, 
which sneed is approximately doubled on the return stroke. 
The cutting lubricant used consists of one part pure lard oil 
and two parts kerosene and is sprayed on the cutters during 
the forward movement of the bar; the expended oil returning 
to the oil reservoir from where it is forced under pressure 
through the bar to the cutters as previously described. 

At the end of each return stroke the eutters are all care- 
fully examined by the operator to insure that no damage has 
occurred to them and all adhesions of metal are removed with 
a copper scraper. The cutters which have been collapsed by 
the stop in the powder chamber are again expanded or set out 
to the cutting position by the operator moving forward the 
tool-carrier previously described, by means of a small bar 
which is used as a lever fulerumed from the slots in the rifling 
head under the feed serew, two of which may be seen in the 
rectangular opening in the rifling head shown in Figure 4 and 
the operation continued as before. 

When one set of grooves has been cut to full depth the 
head is indexed to the proper location for the second set of 
grooves by withdrawing the lecat'ng pin from the index ring 
in the front housing (see Figure 2) which earries the guide 
pivot for generating the curve and revolving the index ring 


until the corresponding slot coincides with the locating pin 
which is inserted and the operations as previously described 
are repeated. 

Owing to the light construction of the rifling machine in 
use at the present time it is impossible to utilize the White 
r:fiing head to its full capacity and therefore only one-half of 
the total number of cutters are inserted, leaving out alternate 
cutters, This practice therefore requires the rifling operations 
to be performed in four settings rather than two. A new 
rifling machine is, however, now being installed which will be 
capable of using the ‘‘White’’ head to full capacity. 


Watertown Arsenal Notes 


Physical Properties of German Field Guns. 

Investigations recently completed at the Watertown Arsenal 
on the physical properties of certain German field guns have 
shown very interesting information regarding the quality of 
steel in both pre-war and war production. 

Complete tests were made upon the major component parts 
of both the cannon and the carriages. A digest of these in so 
far as they apply to the tube and jacket is given in the fol 
lowing tables. 

The 77 mm, field gun was manufactured in 1915, the 105 
mm. howitzer in 1899, the 155 mm. howitzer in 1917, and the 
150 mm. gun in 1918. Charpy tests were made on 10 by 10 
by 55 mm. bars notched on one side at the center to a depth of 
5 mm. with a l-mm, notch. These were broken on a standard 
kilogram meter Charpy machine. The Brinell hardness im 
pressions were obtained with a 10-mm., ball 3.000 kilograms 
pressure held for 30 seconds. 


155 mm. Gun 8-inch Howitzer Carriage 
Model 1920 


An experimental long range mobile artillery carriage has 
been recently completed by the Ordnance Department at Rock 
Island Arsenal and is now at the Aberdeen Proving Ground, 
Maryland, for test. This carriage, known as the 155 mm. gun, 
8-inch howitzer carriage, Model 1920, mounts either a 155 mm. 
gun or an 8-inch howitzer. The cariage is of the split-trail type 
with rubber-tired wheels and permits a total movement of the 
eannon in azimuth of 60° and a maximum elevation of 65° 
The recoil mechanism is of the hydro-pneumatic type with a 
variable length of recoil. In order to inerease the rapidity of 
fire and ease of loading the cannon when firing at high eleva- 
tions a quick release mechanism is provided for returning the 
cannon to the horizontal for loading without disturbing the 
sighting mechanism. The maximum range of the gun with a 
95-pound projectile is over 14% miles and of the howitzer with 
a 200-pound projectile is over 10% miles. These ranges are 
about 4 miles longer than those obtained with similar artil- 
lery of the same caliber during the World War. 

The weight of one cannon and carriage in firing position is 
about 24,000 pounds. For road travel the total weight of one 
vehicle is lessened by transporting the cannon, which weighs 
about 9,000 pounds, on a separate wagon, although ‘the ear 
riage may be moved for short distances with the gun mounted 
on it. While the range of these cannon is greater than that 
that of World War cannon of the same caliber, the weight of 
the assembled unit is actually less. 
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Physical Properties of German Field Guns 
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Springfield Armory Notes 


These ofticers composed a part of the section of twenty offi- 
cers students of the Army War College, temporarily at 
Watervliet Arsenal, N. Y., who with Watervliet as their base 
are visiting other Army branches in New England for study, 


Experiments are being conducted at Springfield Armory to 
obtain a satisfnetory flash hider for the Browning Cal. .30 
watercooled machine gun. German designs have been tested and 
modified to obtain better results; none have been found en- 
tirely satisfactory, although there are two types which have 
given good results, 

Mr. W. R. Bull, of Springfield Armory, has produced a flash 
hider, the first model of which has given better result than any 
previous design tested at the Armory. The second model of 
the Bull hider is under construction in the shops and is ex 
pected to give results which will meet with the approval of the 
using arms of the service. 


A magazine is under construction at Springfield Armory 
adatable to the Browning Aircraft Machine Gun Caliber .30, 
which contemplates the use of this gun on a flexible mount fon 
aireraft armament. The magazine is attached to the top cove 
of the gun; it is light and quickly removed and the ordinary 
disintegrating metal belt is used in conection with the maga 
zine and the feeding mechanism of the gun remains the same. 


A new anti-aircraft mount of the .50 ealiber Browning ma 
chine gun is under construction. This mount embodies no new 


type of construction or design. 


Springfield Armory and the Veeder Company, of Hartford, 
Conn., have been developing a rounds counter for aircraft ma 
The Veeder Company is following the usual design 


chine guns, 
in making 


of counter type and at first encountered difficulty 
parts of sufficient strength which has now been practically over 
come. The development at Springfield Armory has been along 
the lines of an indicator driven by a flexible shaft so that the 
indicator could be mounted in the most convenient place on the 
plane. 

Some difficulties were met in the first model which necessi 
tated a change in the design and new design has been com 
pleted and is now ready for test. 


The second sample U. 8S. Aircraft Machine Gun, Model of 
1922, is now being assembled and will be ready for test during 
July. This gun embodies numerous improvements over the first 
model which was tested several weeks ago and is arranged for 
alternate right or left-hand feeding and right or left-hand lo 
cation of the trigger motor and loading handle, these features 
are for the purpose of facilitating installation and are obtained 
without the use of extra parts. 


The First Class, United States Military Academy, West 
Point, New York, consisting of 102 eadets, in charge of Lt. 
Col. Charles G. Mettler, Ordnance Department, Professor of 
Ordnance and Gunnery at the Academy, and Maj. Hubert G. 
Stanton, Ordnance Department; Maj. Arthur W. Ford, Ord 
nance Department; Maj. Osear J. Gatechell, Ordnance Depart- 
ment; Maj. Edwin F. Harding, Infantry; Maj. Robert M. 
Lyon, Infantry, Maj. James A. Dorst, Engineers, and Maj. 
Harry N. Kerns, Medical Corps, were visitors at the Spring- 
field Armory on June 2nd and 3rd, for the purpose of inspect 
ing the work in progress. 

They were conducted through the various departments, visit- 
ed the Museum and an entertainment was arranged for their 
benefit on the evening of June 2nd, 1922. 

Thev left for West Point on the afternoon of the 3rd in their 
special train. 


Col. James J. Hornbrook, Cavalry; Col. Robert MeCleave, 
Infantry, and Maj. Clifford Jones, Coast Artillery Corps, were 


at this Armory on June 22, 23, and 24, 1922 on a staff recon 


naissanee tour. 


as a part of their course. 


Five additional Browning aireraft machine guns, Model of 
1919, have been constructed and tested. Various imperfections 
connection with the improvement of various types of ammuni 
tional changes made in accordance with the desires of the Air 
Service. The next step in this project will be the production 
of a lot of 50 guns for extended tests by the Air Service. 


‘Dead-pressed’’ Explosives 


Among the many interesting problems encountered by the 
Ordnance Department of the Army in its development work in 
connection with the improvement of various types of ammuni 
tion and their components, is the question of the proper den 
sity to which the various explosive components should be loaded 
in their respective containers, 

The TNT or other high explosive used as a_ bursting 
charg ein high explosive or armor-pierecing shell, or in airplane 
drop bombs, ete., must be compressed so as to obtain the maxi 
mum concentration of explosive energy in the given space. It 
is also well known that up to certain limits the rate at which 
a high explosive detonates is greater at high densities than 
when the explosive is not compressed, and sinee a high rate 
of detonation is of prime importance in determining the shat 
tering effect of an explosive, it is apparent that high com 
pression is desirable, 

In armor-piercing projectiles there is another reason for a 
high density of the explosive. If the bursting charge is not 
sufficiently compressed, the very severe impaet of the shell 
against an armor plate will cause a sudden forward move 
ment of the charge within the shell, the resulting friction and 
heat being sometimes sufficient to cause premature detonation 
before the shell has passed through the plate. The explosion 
of an armor-piercing shell is supposed to take place after the 
shell has passed through the armor into the interior of a 
vessel, the explosion being brought about by a mechanical con 
trivance known as the fuse. The explosive component of the 
fuse is a detonator, which consists of a small charge of mer 
cury fulminate pressed into a closed metal capsule. 

Mercury fulminate is a very powerful and highly sensitive 
explosive and may detonate from even relatively slight shock or 
friction. If the charge in the detonator of an armor-piercing 
shell is not sufficiently compressed, the shock of impact of the 
shell causes premature explosion of the detonator, as a result 
of the friction of the shifting charge. 

TNT and similar explosives used as bursting charges can 
be compressed to their maximum density without materially 
losing their ability to explode under the influence of the det- 
onator, although their sensitiveness is appreciably reduced at 
high densities. Mereury fulminate, however, when highly com 
pressed, loses entirely its ability to detonate when exposed to 
the flame from a primer or black powder fuse train, becoming 
‘*dead-pressed.’’ This condition is sometimes obtained with 
pressures of 20,000 pounds to the square inch—a_ pressure 
which can be easily obtained with the presses used for loading 
purposes. When in this state the fulminate burns as harmlessly 
as a match on being ignited by a flame, although the experi- 
ment is not a safe one to carry out without elaborate precau- 
tions against mishap. 

It is apparent from the above that in the type of armor- 
piercing shell fuses where the detonator is fired by means of 
the flame from a primer or from black powder, too great com 
pression of the fulminate charge may cause complete failure 
of the detonator to funetion, while insufficint comperession may 
cause it to function prematurely before the shell has pene 


trated the plate. 
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Proposed Fixed Price War lime 
Contract 


A committee, appointed by the Assistant Secretary of 
War and representing the precuring services of the War 
Department, has been working for a considerable period on 
standard‘ zed the experience 
eained in the World War for use in the event of a national 


The present form deals only with contracts on 


contract forms embodying 
emergency. 

fixed price basis. The principal articles of this form are 
Limitation of space prevents giving the com- 
At a later date, one or 
In the preparation of the enclosed 


given below. 
plete torm. more forms on a cost 
hasis will be prepared. 
form the committee has attempted to remedy a number of 
difficulties and objections which developed in the exeeution 
It is believed that 
statement of the most important ot these points would be 
useful in the consideration of this draft. 


First, the provision for payments under the contract 


similar contracts during the war. a 


° 
al 


have been made as elastic as possible in order to- cover as 
many as poss" ble of the necessities that arise in the progress 
limited 


work. As written, the contracting officer is not 


as to the times at which he may make payments nor as to 


ot 


the amounts with the exception that the total of amounts 
paid shall not exceed his estimate of t] 


amounts 


ot 


completion of the For 
if the total amount of the contract were 41,000,000 


le pereentage 


contract, less retained. 
instance, 
and the contractor had expended $50,000 in the proper 
preparation for work, the if he 


were satisfied that the progress represented one twentieth 


contracting officer eould, 
of the entire work, par the contractor $50,000 less 10 per 
cent, the net of $45,000. 
completion of the work rather than materials or other prop- 
erty purchased for the work as a basis of payment, many 
the accountability of this 


or By using the pereentage ot 


troublesome questions involving 
material are avoided. 

Second, the termination article is intended to permit ot 
the instant termination of work on art‘eles no longer needed. 
The interests of the contractor on the one hand are safe- 
guarded and, on the other hand, the troubles and diffieul- 
ties that would arise from unexpectedly throwing great 
numbers of men out of employment are sought to be avoid- 
ed or minimized by the provision under which the men so 
discharged will be paid for 45 days at two-thirds of the 
pay that they were receiving. This is equivalent to one 
month’s full pay and affords them time and a reasonable 
amount of money with which to adjust themselves to new 
The termination clause also seeks to avoid the 
By the power to stop 


conditions. 
necessity of any settlement contract. 
work instantly on articles no longer needed, not only is a 
very considerable expense saved to the United States but 
it is believed that the process of getting back to peace-time 
work will be greatly hastened. Attention invited 
to the clause which permits a contractor to take over mate 
rials in his plant which are the property of the United 
States and which he des‘res for the resumption of his peace- 
time activity at an equitable price. It is, of en- 
tirely optional with him whether he takes any such material 
It will also be noted that all references to liqu'dated 


is also 


course, 


1s, 
or not. 
damages for nonfulfillment of contract terms is omitted as 
not being necessary or suitable to the conditions of war 
work. The options reserved to the United States in the 
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event of the failure of the contractor to perform satisfa 
torily are belteved to be ample protection. 

Third, the requirement that a contractor shall assemble 
cost in accordance with forms and methods to be preseribed 
by the War Department is believed to be very essential for 
the prompt and satisfactory settlements of any claims aris 
ing under the contract. It does not mean that a contracor 
must give up his own established cost accounting methods 
but merely that, in addition to assembling costs by his own 
methods, the same data shall be assembled on the forms an: 
by the methods preseribed by the War Department. 

The conditions under which war work is performed are 
entirely different from those in time of peace. The 
contractor has comparatively little option as to whether 
not he will undertake war work. If he has either the or- 
ganzation or the plant, the pressure of public opinion will 


war 


or 


practically compel him to undertake work needed by the 
Government. Many kinds of raw materials will be fur 
nished him either directly or by allocation by higher au 
thority. The war contract, therefore, is a very different 
The draft 
mitted is framed upon these considerations with the con- 
trolling thought that it should attempt to give the Govern 


instrument from the peace-time contract. sub 


ment the things which it requires in an emergency with 
the least amount of unnecessary trouble or difficulty to th 
contractor who is conscientiously endeavoring to perform 
In the effort to arrive at the form which shall 
best fulfill these conditions, the committee earnestly desires 
the utmost cooperation from the other party to the conract. 
namely, the business men of the country. Comment and 
criticism of the contract is invited from all concerned. All 
suggestions should be forwarded to Brigadier General W. 
S. Peiree, Chairman, Office Chief of Ordnance, Munitions 
Building, Washington, D. C. Copies of the entire form 
may be obtained upon application. 


this work. 


ArTICLE III. Priority: The contractor shall give this con 


tract precedence over all contracts not directly connected 
with war activities and as among Federal contracts, in the 
order of dates of approval thereof, or in accordance with 
other priority established by competent authority. 

ARTICLE V. Cost Accounting: For the purpose of facili 


tating final settlement by the United States, the contractor 
shall keep all costs connected with the performance of this 
contract under the headings and in the manner prescribed by 
the War Department. All such records shall be preserved by 
the contractor for a period of two years after the final settle 


ment under this contract. 

ARTICLE VI. Amortization: Within thirty days after the 
date of this contract, the contractor shall file with the con 
tracting officer, a list of all property and of all changes in 
plant with the cost thereof, which he proposes to amortize in 
whole or in part in the full performance of this contract 


Subsequent changes in this list may be made with the appro 


val of the contracting officer. This list, when approved by 
the contracting officer, shall be the basis for the settlement of 
all claims for unamortized expenses in the event of termin 
tion of work before completion under Article XII of this 
eontraect 

ArTICLE IX. Payments: Payments shall be made at s 





wey 
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times and in such amounts as the officer in charge of the 
work may elect, based upon estimates made by him of the 
percentage of completion of the contract. Ten per cent (10 
per cent.) of such estimates shall be retained until the final 
completion of this contract and acceptance by the Govern- 
ment of all work done thereunder, except as provided in 
Article XII; provided, that upon completion and acceptance 
of each separate building, vessel, distinct public work or 
group or lot of supplies hereunder, for which the cost is 
stated separately, payment therefor may be made in full, in- 
cluding the retained percentages thereon, if so completed on 
or before the time stipulated. 
ARTICLE X. Failure and Delay, Ete.: In the event of the 
contractor’s failure at any time to carry out the provisions 
of this contract, or to make satisfactory progress toward its 
completion, the contracting officer may, by giving written 
notice to the contractor, proceed under any or all of the fol 
lowing options: 
l Permit the contractor to proceed with the pertorm- 
ance of the contract, under such supervision at th 
contractor’s plant, as the contracting officer may eleet 
to exerelse, 

2) Proceed at the contractor’s plant to complete the work 

contracted for, or any part thereof, and for this purpose 

take posession of and use any or all of the ‘plant, proper 

ties and supplies of the contractor, necessary for the per 

formance of this contract. 

Purchase or procure from other sources, the articles 

or services necessary to complete the contract, in such 

manner as may be deemed best for interests of the 
public services. 

(4) Cancel the contract as to any or all of the unecom- 
pleted portions thereof. 


In case of proceeding under any or all of the above op- 
tions, any excess cost over the contract price that may result 
from the contractor’s failure or delay shall be at the expense 
of the contractor. The contractor, however, shall not be 
held responstble for delays in the performance of this con- 
tract which in the opinion of the contracting officer, were 
due to causes beyond the control of the contractor, and which 
could not have been prevented by the exercise of proper 
effort and business foresight on the part of the contractor; 
provided, that the contractor shall have promptly and fully 
notified the contracting officer in writing of any actual or 
anticipated cause of delay. The contracting officer will then 
inform the contractor im writing, as promptly as practicable, 
of his ruling as to the validity of the alleged cause and the 
extent of delay justified thereby. 

ARTICLE XI. Adjustment of Claims and Disputes: Except 
as otherwise specifically provided in this contract, any claims, 
doubts, or disputes upon matters of fact concerning or aris- 
ing out of this contract, or as to its performance or non 
performance, and which are not disposed of by mutual agree 
shall be referred to the chief of the Branch named at 


ment, 
his decision shall 


the head hereof, for determination, and 
be binding and conclusive as to any question, matter or thing 
so submitted. 

ArTICLE XII. Termination Clause: Should the war need 
cease or the public interest require it, work under this con 
tract may be terminated by the United States at any time 
upon notice in writing from the contracting officer to the con 
tractor. Such termination of work shall be effective upon 
the date specified in the said notice and shall be without 
prejudice to any claim which the United States may have 
against the contractor under Article XI. Immediately upon 
receipt of such notice, the contractor shall discontinue the 
placing of all orders for materials, facilities and supplies in 
connection with the performance of this contract, and shall 
take the necessary steps to cancel all his existing orders 
and terminate work under all sub-contracts. 

As a full and complete consideration for the termination 
of work under this contract as hereinabove provided, unless 
the contractor has been held responsible for failure or delay 
as provided in Article X, the United States shall, at the 
time of such termination: 

(1) Pay to the contractor the full contract price or com- 
pensation for all articles accepted, services rendered or 
work completed in accordance with the terms of this 
contract, and not previously paid for. 

Reimburse the contractor for all expenditures not in- 
cluded in payments previously made, which had ac- 
tually been made specifically and necessarily for this 


to 


contract prior to the receipt by him of notice ot 


termination of work, and for such payments as may 
subsequently become necessary to effect settlement of 
all orders and sub-contracts necessarily placed for this 


contract; provided, such orders and sub-contracts shall 
have been placed and shall be settled on the basis of 
the settlement with the contractor herein provided, and 
with the minimum of expense to the United States, Al 
raw materials, articles in process of manufacture, and 
other property covered by payments made under any 
of the terms of this contract shall become the prop 
erty of the United States, provided, that if the con 
tractor shall have acquired buildings, or parts of build 
ings, plants, facilities, or equipment solely or in part 
for the purpose of this contract and not intended or 
required by him for his future business, o the con 
tractor shall have made changes in his plant which 
will require expenditures for rehabilitation before re- 
sumption of his usual work, or ineurred other expenses 
necessary to this contract and properly intended to be 
amortized thereunder, he shall be paid such part of 
his expenditures therefor, as the uncompleted portion 
of the contract bears to the total contract. less the 
salvage value of all property involved, He shall also 
be reimbursed for sueh portion of the salaries, for 
thirty days after date of termination of work, of the 
administrative overhead retained by him strietlv for 
his future business, as was properly chargeable to th 
terminated work, but no portion of the overhead thus 
paid shall be included in rehabilitation or other claims 


for reimbursement. 


In the event that the notice of termination of work 
shall require the immediate cessation of any or all work 
under this contract and it becomes necessary beeause 
of the abrupt cessation thereof, to discharge promptly, 
any or all of the employees actually engaged upon the 
termination of work at the date of notice of termi 
nation of work, the contractor shall pav to all em- 
ployees so discharged salaries or wages for forty-five 
working days after discharge (or to date fixed in Ar 
ticle I] for the completion of the contract if less 
than forty-five days) at two-thirds of the straight rates 
of pay individually received by them at the date of 
notice of termination of work. The contractor shall 
be promptly reimbursed for such expenditures upon the 


1} 
' 


presentation of properly signed and certified pav rolls 


covering such payments; provided, - that no re 
imbursement shall be made for payment to an em 
plovee for any portion of the forty-five days during 
which he shall have been re emploved by the contractor. 
Upon all payments under this contract made the con 
tractor subsequent to the date of termination of work, 


he shall be allowed interest at six per cent per annum 
for the period during which any such payment is de 
laved beyond sixty days after date of termination of 
the work. 

The contractor shall, without additional compensation, 
place in storage within his plant, and give adequate 
protection to all property of the United States in his 


plant, and provide such office space as may be required 
by the contracting officer and his foree at the plant 
for .....months after the termination of work under 
this contract, and will thereafter lease the storage re- 
quired by the United States at not to exceed 4 


per square foot per month for a period of not to ex 
ceed six months, 

The contractor may with the approval of the contract 
ing officer, be permitted to take over such property of 
the United States as he may desire for his peace time 
activities, at the prevailing market price, or if none 
be ascertainable, at a price not greater than the initia! 
eost to the United States. 
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Modern Warfare 


from the French 


Military Standpoint 


The tremendous and inereasing importance to our na- 
tional defense of industrial preparedness is well known. 
The art of war, like other arts, avails itself to the utmost 
of the discoveries and inventions in science and industry. 
As General Williams points out in his article “The Ord- 
nance Problem,” in this issue of Army ORDNANCE, this is 
merely the military phase of the industrial revolution which 
has been in progress for more than a century. It is of 
course bound to continue indefinitely. There has been 
change in the physical make-up of the soldier since history 


ho 


began, but revolutionary changes have been and are 
place in the weapons with which he fights. 
The following articles, which appeared in the Army and 


tak*ng 


Navy Journal, are of very timely interest to the members 
of the Army Ordnance Association as showing clearly the 
importance of the materiel side of war as viewed by fight- 
In Importance of Ma- 
teriel,”’ General Buat, Chief of Staff of the French Army, 
writes as follows: ) 


men. his artiele “Inereased 


neo 
ny 


‘If there is a campaign where materiel has played a role 
of primary importance it is above all that of 1914 to 1918. 
The firearms of various categories—infantry rifles, machin 
yuls, grenades and field guns—not onlv have increased in 
number, but also in their powers of destruction. The conse 


uence has been that the combat methods of the different arms, 
and notably those of the infantry, have been entirely changed. 
Where the ground is almost entirely 

the 


object ives either 


bullets or by 
fragments of bursting shells there is no longer room for 
or stationary offering 


beaten by 


movablk an appre €l 


ably vulnerable surface to their blows. 
Those soldiers who devoted themselves before the war to 
historical study had little doubt of such a change, because 


history, to which ultimately it is always necessary to ask 
light from the past in order to make clear the future, reveals 
many inexorable law of evolution. The ap 
pearance of the first arms caused the deep formations of the 
middle ag Under Louis XI\ 
ready carried on by battalions arranged in 
the end of the 
rank had 
of sadowa, the 


, 4 } , ‘ ; 
of single companies. 


to us in stages The 
combat was al 
three ranks. At 
Napoleon the suppression of the third 
about. In 1866, during the 
Prussians inaugurated the battle tactics 
The first the of 1870 


ages to disappear 


“elo 
relgn ot 


already come eam 


paign 


combats of war 


showed the same Prussians that in the face of the Chassepot 
rifle of the French army it was no longer the company, but 
the platoon, a third of the company, which should constitute 
the smallest infantry battle unit. In 1918 we have come to 


the group of only a few men united around a machine gun. 
Everything leads us to believe that if it had been possible 


to confine this machine gun to a single infantry soldier, 
charged with firing it, loading it and advancing with it in 


the proper direction, our combat group would have been re 
duced to a single man. This is evidently impossible, and the 
combat group is the last word at present along the route of 
the dissemination of the infantry on the battlefield. But as 
the time is probably not very far away where no group, no 
matter how small, will able to march to the attack with 
unprotected bodies without being exterminated, and as never 
theless it is necessary to attack, because without doing so 
victory ean never be gained, the human imagination must 
give itself free rein in order to find the means of giving to 
the assailants at least partial artificial protection, sufficient 
to nermit them to advance actually into the enemy’s position. 


be 


The tanks, which we have seen become more and more 
nymerous on our bettlefields| have only resulted from the 
necessity of some such method. 

The effects of firearms must inerease in the future. This 


makes it certain that in inereacing the number of our tanks, 
to the detriment of the infentrv. properly said, we are con 
of the evolutien best indicated by 


forming to one laws of 


history 
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The great war has given to this point of view striking 
contirmation, the infantry company, which in 1914 ineluded 
250 men, has fallen step by step from 200 to 175, and it was 


not simply lack of effectives which was the essential cause of 
this transformation. No, everything points to the increase in 
the power of armament. There can no doubt that a 
number of men distributed over any given front and 


be small 


vdimirably 


armed are for either defense or for attack much stronger and 
less vulnerable than a much greater number earrving arms of 
ess power, 

In the attack in particular, the smaller the number and 
the more scattered about the more the advantages gained of 
offering to the enemy ’s blows a more difficult objective, with 
the result that a greater number of his bullets and shell frag 
ments are lost in the ground instead of burying themselves 
in the breasts of the attackers. : 

At the beginning of the war the French infantry included 
perhaps 2,000,000 men. When the hour of the armistice 


sounded its effectives did not number more than million, 
However, the sum total of combatants had not sensibly 
changed. To those who remained infantrymen had been dis- 
tributed an armament more and more numerous and perfected. 
To the others had been given posts in the special arms, and 
notably in the artillery, of which the function is to fire from 
a distance projectiles destined to help the defense, or the 


attack of the 
advance of the 
enter 


infantry, or to create, if one wishes to say so, In 
which 
risk of 


no human 
immediate 


zone of fire 
running the 


infantry, a 
without 


being 

is able to 

of life. 
The increase of the artillery in the period from 1914 to 1918 


ioOss 


has been formidable. From 200,000 men it increased to more 
than 700,000. Everything indicates that if hostilities had 
been prolonged it probably would have been more numerous 
than the infantry. 

It is then a well-confirmed law of history that beeause of 
the greater and greater difficulty of remaining alive upon it, 


the battlefield is little by little emptying itself of all men 
who are not artificially protected, with the result that there is 
a steady increase in those branches of the Service which fight 


protected either by steel or the interposition of a certain dis- 
tance between themselves and the enemy. 

The artillery belongs in the second category. The first is 
represented by the tanks. However, the artillery itself cannot 
draw back indefinitely from the front. Now it is probable 
that with time the zone beaten by intense fire extend 
more and more towards the rear of the battlefield. 

If this is so, what are we to conclude? Will the artillery 
also be driven to the two methods of precedure already im 
posed upon the infantry—to cover and to scatter ove the 
ground? If so, the shields which are now utilized will con 
tinue to hecome larger and larger and thicker and thicker. 


ind depth, 
even more 


Also, the scattering of the batteries, both in width 
which beeame a rule at the end of the war, will be 


necessary, 


There Must Be a Limit 
However, there must ultimately be a limit, because we 
know that the number of batteries cannot go on increasing, 
as there will not be sufficient room to seatter them about. 


Therefore, in the same way that a single machine gun has re- 
placed many rifles, it is possible to imagine a machine served 
by a small number of men, probably specialists, which will 
not offer more than a very small surface to enemy projectiles, 
uniting in itself the power which today is represented by a 
batterv of a number of guns and eaissons. ; 
We are consequently launched into that vast domain which 
many will the land of dreams. However, we should 
not fear to enter it. We arg in no danger of losing ourselves 
as long as we cling tightly to the path pointed out by past 
evolution. At the most, we can only get several years ahead 
of our proper time, but if no one ever moved too fast, where 
Also. if we in making a 
once clearly proposed, 


Sav 18 


7 ? : ‘(C[ejeP 
would progress come from: succeed 


considerable advance—and a problem 
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it is sexlom that some ingenious spirit does not furnish the 
solution—will it not be to our great advantage? 

One word more before finishing. In France, at least, there 
has been a great deal of discussion on the relative value of 
what is commonly called the personnel branches of the Service 
and the materiel branches. This discussion is absolutely vain. 
As I believe I have shown in the first part of this article, the 
introduction into the various branches of the Service of more 
and more materiel has no other effect than to lead to a 
greater distribution in depth on the battlefield, without in 
any way diminishing the total number of men employed. This 
is easily explained. A highly developed materiel generally, 
able to fire much more rapidly than its predecessors, neces 
sarily leads to a much greater consumption of ammunition, 
and therefore demands greater means of supply. It might be 
said that the greater the efficiency of the materiel, the more 
numerous must be the men attached direetly or indirectly to 
serve it. , , 

An airplane is a striking example. 
is managed by two men, and frequently by one, demands for 
its proper use an additional twenty-five to thirty men to in 
sure its proper functioning and upkeep. Inevitably in the 
future when a nation places all its available citizens on a war 
footing. that nation undoubtedly will increase its materiel up 
to the maximum quantity which can be handled by the pet 
sonnel available. 

In conclusion, it would seem that insofar as the 
concerned we should work unremittingly to form good cadres, 
because good eedres always make good troops. With respect 
to the materiel, we should prolong beyond today the curve ot 
evolution drawn by the distory of the past and courageously 
demand of our engineers that they solve the problem of the 


This apparatus, which 


personnel is 


materiel shown to be necessary for the future. Lack of such 
materiel in the next conflict will inevitably find us in a state 
of inferiority in the face of any more far-sighted adver 


sary.’ ’— 


The second article, “Modern War a War of Mechanics,” 


was written by General Debeney, who is at present Presi- 
dent of the French War College. 


‘*The World War has revealed the preponderating role of 
machines. The influence of armament upon operations has 
been understood for a long time. Also, it has been generally 
known that in the majority of cases superior armament de 
termined suecess. In general, however, belligerents have 
fought throughout a campaign with the same armament with 
which they began, benefiting from its superiority or suffering 
What has never been before is the 
transformation of armament in the middle of combat; the 
giving to it of an ineredible extension, the waiting for a 
new weapon before starting an operation; in other words, the 
making of the question of armament into an element of 
This had never been seen in Europe, even by those 


from its inferiority. seen 


strategy. 


officers who, having studied the American Civil War, know 
how much the industrial effort of the North influenced and 


developed the strategy of Lincoln and of Grant. 

Modern armament is characterized by the substitution of 
the collective machine for the individual arm. The individual 
rifle has given way to the heavy and light machine gun served 
The field gun is employed only by batteries 
provided with an incredible number of engines and instru- 
ments destined to alter and direct its fire. The tank and the 
airplane are machines which demand, besides the crew in 
them, a complete equipage of numerous auxiliaries whose 
business it is to keep them supplied, to keep them in order, 
and to constantly study their development. 

The ingenuity of science of all kinds is taxed to furnish 
war material, telephones, wireless telegraphy, powders and 
explosives, gas of different natures, and many other things 
which can only be produced through the efforts of complete 
workshops make exhaustive demands on electricity, chemistry, 
metallurgy and other 

This transformation of armament into a 
machines has had a considerable influence upon the employ- 
ment of the personnel of the Army; in other words, upon its 
effectives. 

The public, which is always simple, has a tendency to be- 
lieve that machinery replaces men, and that in placing in line 
so many machines it is possible, as a consequence, to send a 
creat number of men home, far from the war. This is not at 
a In fact, more,men are needed to serve machines than 
If to a tank or airplane were assigned only the 
This for 


by several men. 


sciences, 
series of collective 


all true. 
ever before. : 
two men needed to handle them they could not fight. 


the reason that a considerable personnel is necessary on the 
spot to which they return after combat, to clean them, to ad 
just their parts, to supply them with oil and gasoline, and to 
put up their shelters. Besides, there must be an additional 
personnel to make spare parts and the additional engines to 
replace broken ones, because these machines are fragile and do 
not last very long. In this way each tank and each airplane 
represents 50 men. Of this number but two are in the first 
line. The rest are stationed at the parks just off the battle 
field, at the different repair depots, and in the factories, 

In a general fashion, it may be said that the greater em 
ployment of machines has not altered the necessity for large 
numbers of men, but has merely disposed them differently. 
Formerly it was the custom to place practically all effectives 
on the battle line, leaving comparatively few in rear to supply 
Today on the eontrary, there is 


ammunition and materiel. 


placed in the first line only the personnel necessary for th 
immediate service and handling of the machines used by the 
Infantry and Artillery. Im the rear are placed the successive 


echelons of men necessary to look after these machines, to at 
tend to their supply, their repair and their replacement. Thess 
echelons stretch as far back as the interior of the country. The 
war of machines has resulted in the echelonment of the Army 
in depth. Here is a first characteristic. 

A second characteristic is that this materiel cannot be spe 
manufactured at military formerly the 
Their perfection and their variety are the result of th 
collaboration of all civilian industries and of all seientifi 
laboratories. In other words, the industries and laboratories 
of peace time must combine in. war to supply the Army. Once 
war is over, industries return to peace-time work 

For the first time in history the process to be employed in 
order to put them rapidly at war work is understood. Thi 
time saved by such understanding, plus the technical progress 
which will have been-realized by the next war, will insure ma 
chinery playing even a more preponderating part There is 
no escaping the fact that the war arsenal of a nation consists 
i and industries, This 
characteristic is a very grave one, 

Whether we wish it or not, it is thus the whole country, both 
from the point of view of personnel and materiel, which must 
take part in war. basis to a wat 
one is only possible through some form of general mobilization 
of the whole nation. 

In the war of machinery, a nation 
its independence must prepare, besides the mobilization of its 
man power, the mobilization of its industry and that of all 
its economic and administrative elements. The time has come 
when the nation in arms is a verity. 

The formidable operation of mobilization necessitates both 
time and absolute security. It can only be completed if pro 
tected from enemy attack by a strong force of covering troops 
along the frontier nearest the enemy. 

The best protection is furnished by large oceans, because a 
first-class Navy is all that is necessary to insure complete 
mobilization of the nation. Such is the case of the United 
States, which only has to fear serious menace on its maritime 
frontier. France is in an entirely different situation. Its 
most menaced frontier is a land one with no natural obstacles. 
Thus her covering force must consist of a numerous Army 
well provided with a powerful armament. Each country will 
solve the problem according to its means and its particular 
situation. In France it is solved by means of obligatory serv- 
ice, which is in accordance with our democratic ideas, and 
which in the end costs infinitely less than a professional army. 

Personally I think that the commercial development of avia- 
tion will make great changes in the solution of the problem of 
a eovering foree. The day will come when dirigible balloons 
and airplanes will be sufficiently perfected to fly practically 
continuously, carrying great weights and going almost any- 
where. Then they will offer such advantages to commercial 
exploitation that they will be as numerous as is now the case 
with auto trucks and automobiles. When this time arrives, air 
fleets will constitute a true army of the air alongside of the 
army of the sea, commonly called the navy, and the army of 
the ground, commonly called the army. The existence of an 
air army will completely transform the problem of a covering 
foree, because sea frontiers and land frontiers will no longer 
be the only ones to defend. However, this is a problem which 
we cannot solve now. It is necessary to keep track of the 
latest developments and continually work upon the possibilities 


cially arsenals as was 


case, 


of its peace-time laboratories second 


The passage from a peace 


which wishes to defend 


of using them for war purposes. . . . 
Machines themselves are not able to act alone. Therefore it 


is alwevs the man who has the last word. 








